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MERCURY     COMPOUNDS     IX     THE     CHEMOTHERAPY 

OF     EXPERIMENTAL     TUBERCULOSIS 

IN     GUINEA-PKiS.     I 

STUDIES    ON      THE      BIOCHEMISTRY      AND      CIIKMOTIIERAPV 
OF     TUBERCULOSIS.     XXI 

L  Y  D  I  A      M.      D  E  W  1  T  T 

From    the    Otlio    S.    A.    Spragne    Memorial   Institute    and    the    Pathological    Laboratory    of    the 

University  of  Chicago 

Perhaps  no  drug  has  a  longer  history  of  use  in  therapy  than  has 
mercury.  Much  of  this  history,  and  especially  that  of  the  newer 
organic  mercury  compounds,  has  been  reYie\Yed  by  Schamberg,  Kolmer 
and  Raiziss  ^  and  by  others,  and  need  not  receiYe  further  attention 
here.  In  tuberculosis,  mercury  in  various  forms  and  by  various  meth- 
ods has  been  used  to  a  greater  or  less  extent  clinically  since  the  time 
of  Paracelsus  early  in  the  sixteenth  century.  There  have  been  certain 
periods  when  it  was  in  especial  favor  and  others  when  it  was  in  dis- 
repute. Hall.-  while  not  regarding  it  as  a  specific,  thinks  that  small 
doses  of  mercurial  preparations  are  "our  most  potent  chemical  weapons 
against  this  disease."  Many  others  at  about  the  same  period,  pub- 
lished favorable  reports  on  mercury  therapy  of  tuberculosis.  In  1908 
and  1909  Barton  L.  Wright  '  reported  a  considerable  number  of  cases 
treated  with  mercuric  succinimide  and  potassium  iodide  alternately. 
and  his  favorable  reports  were  followed  by  many  others,  who  used  the 
same  or  similar  treatment.  The  general  consensus  of  opinion  seems 
to  be  that  mercurials  have  a  good  efifect  on  the  condition  of  the  patient, 
but  that  mercury  is  in  no  sense  a  specific  in  tuberculosis. 

Only  one  report  in  the  literature  has  been  found  by  me  on  the 
use  of  mercury  in  exj)erimental  tuberculosis  in  animals.  Ceorge  Cor- 
net *  tested  mercuric  chloride  among  a  series  of  disinfectants,  in  S 
guinea-])igs.  He  injected  mercuric  chl(M-ide  for  10  days  until  the 
animals  began  to  show  toxic  effects;  he  then  inoculated  them  with 
tul)crclc  bacilli.     He  was  unable  to  note  anv  difference  in   the  extent 
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of  the  disease  between  tlie  mercurialized  animals  and  the  controls. 
Some  died  of  mercurial  poisoning  early,  and  all  the  others  showed 
generalized  tuberculosis. 

Robert  Koch  ^  stated  that  mercury  in  vapor  form  inhibited  the 
j^rowth  of  the  tubercle  bacillus  in  the  test  tube  but  was  entirely  without 
influence  on  the  progress  of  the  disease  in  animals. 

In  view  of  the  long  continued  and  repeatedly  favorable  use  of 
mercurials  in  the  clinical  treatment  of  human  tuberculosis  and  the 
paucity  of  experimental  evidence. as  to  their  value,  it  seemed  advisable, 
in'  connection  with  the  systematic  investigations  on  the  chemotherapy 
of  tuberculosis  carried  on  in  this  laboratory,  that  the  value  of  mer- 
cury and  its  compounds  should  be  investigated  in  considerable  detail. 

In  the  internal  use  of  compounds  of  mercury,  it  is  necessary  to 
consider  (1)  the  stability  of  the  preparation  in  the  animal  tissues,  (2) 
its  method  and  form  of  absorption  and  excretion,  (3)  the  place  of 
deposition  of  the  part  of  the  compounds  which  is  not  excreted,  and 
(4)  the  toxicity  and  pathogenicity  of  the  preparations. 

Morley"  states  (1)  that  French  workers  claim  that  mercurials  are  converted 
in  the  stomach  and  intestines  into  mercuric  chloride  and  circulate  as  the  double 
salt  of  mercury  and  sodium;  (2)  that  it  is  proved  that  mercury  is  absorbed 
and  escapes  as  an  albuminate  in  every  excretion  of  the  body,  especially  in  the 
urine;  (3)  that  a  single  dose  is  excreted  within  24  hours;  (4)  that  it  accumu- 
lates, if  given  in  small  doses,  and  is  deposited  in  all  the  organs.  Blumenthal 
and  Oppenheim  ^  state  that  after  the  organic  compounds  of  mercury  used  by 
them,  a  deposit  of  mercury  was  found  constantly  in  the  liver;  sometimes  in 
the  intestines  and  occasionally  in  the  lungs  and  in  the  blood.  Schamberg, 
Kolmer  and  Raiziss  *  state  (1)  that  the  toxicity  of  mercurial  salts  is  directly 
proportionate  to  the  amount  of  mercury  contained,  the  differences  of  molecular 
structure  being  of  relatively  little  importance  as  affecting  their  toxicity;  (2) 
that  insoluble  preparations  injected  intramuscularly  are  absorbed  at  the  rate 
of  a  little  over  1%  per  day;  (3)  that  after  6  or  7  weeks,  almost  50%  of  the 
mercury  of  insoluble  preparations  may  be  unabsorbed  at  the  site  of  injection ; 
and  (4)  that  mercury  has  a  great  affinity  for  the  cells  of  the  kidney,  and  that 
this  organ  is  one  of  the  earliest  involved  in  mercurial  intoxication.  All  other 
workers  do  not  agree  with  Schamberg.  Kolmer  and  Raiziss  on  the  relation 
of  molecular  structure  to  toxicity. 

The  bactericidal  action  of  mercury  has  long  been  recognized,  but  its  use 
as  an  internal  antiseptic  has  been  limited  by  its  toxicity.  Hence  the  efforts  of 
chemists  have  for  years  been  turned  largely  to  the  construction  of  mercuric 
compounds  which  should  be  nontoxic  or  less  toxic  than  mercuric  chloride, 
which  kills,  on  the  average,  in  intravenous  doses  above  4  mg.  per  kilogram 
of  body  weight,  according  to   Sansum."     .-Mielin "  states   that  the  toxic  influ- 

6  Vehr.  d.  X  Internal.  Med.  Kong.,   1890-91.  I.  Berlin,  klin.  Wchnschr.,   1890.  27,  p.  736. 
«  Calif.   State  Med.  Jour.,   1909,   7.  p.  338. 

7  Biochem.   Ztschr.,   1914.   65.   p.   460. 

«  Boston   Med.   &  Surg.  Jour..   1915,   162,  p.  826. 
•  Jour.  Am.  Med.  A.ssn.,  1918,  70.  p.  824. 
'0  Deutsch.  med.   Wcnschr.,   1912,   38,  p.    1822. 


Mercury   Compounds   in   Tuberculosis  of   Guinea-Pigs        3 

ence  of  mercury  compounds  is  in  certain  relation  with  their  chemical  structure. 
that  the  toxicity  can  be  diminished  by  introduction  of  sulpho  or  sulph-amino 
groups  or  through  double  carbon  connection  of  mercury,  and  that  easily  ioniz- 
able  mercury  compounds  are  more  toxic  than  the  less  easily  ionizable.  Schrauth 
and  Schoeller"  showed  that  the  disinfectant  powers  of  organic  mercury  com- 
pounds were  increased  by  substitution  of  the  less  acid  phenolic  hydroxyl  for 
the  carboxyl.  They  also  showed  that  of  the  three  isomeric  mercuriated  cresols, 
the  meta  derivative  is  the  most  potent  disinfectant,  while  the  ortho-hydroxy- 
mercuriphenoxide  is  more  active  than  the  para  compound.  Also,  the  entrance 
of  a  second  hydroxymercuri  group  increases   disinfectant  power. 

In  the  work,  then,  with  new  mercury  compounds  it  has  been  neces- 
sary to  keep  the  following  factors  in  mind : 

1.  Minimal  toxicity  for  animal  tissues,  i.  e.,  organotropism. 

2.  Maximal   disinfectant   power 

3.  Stability  or  minimal  ionization 

4.  Solubility  in  nontoxic  and  nonirritant  solvents 

This  report,  which  will  be  followed  by  others  on  the  same  subject, 
concerns  the  bacteriostatic  and  therapeutic  effect  of  some  twenty- four 
inorganic  and  organic  compounds  of  mercury  on  the  human  tubercle 
bacillus  and  on  experimental  tuberculosis  in  guinea-pigs. 

Table  1  gives  a  list  of  the  compounds  reported  in  this  paper,  with 

their  chemical  formulae,  when  this  was  available,  and  their  computed 

percentage  content  of  mercury. 

Part  of  these  compounds  have  been  purchased  from  Merck  and  Company, 
while  many  have  been  made  for  me  by  the  following  assistants  working  in 
the  chemical  laboratory  of  the  University  of  Chicago :  Walter  Frankel,  C.  E. 
Cutler,  S.  M.  Cadwell,  Gladys  Leavell,  L.  M.  Larsen.  Morris  Kharasch, 
Friedrich  Lommen,  1.  M.  Jacobsohn. 

The  inhibitory  or  bacteriostatic  power  of  most  of  these  mercurials 
was  tested  in  the  usual  way  by  adding  the  required  amount  of  stock 
solution  of  the  compound  to  tubes  of  melted  agar  and  shaking  until 
well  mixed;  the  tubes  were  then  slanted  and  cooled  and  inoculated 
with  human  tubercle  bacilli,  control  tubes  being  made  from  the  same 
culture.  Certain  of  the  compounds  could  not  be  dissolved  in  hot  or 
cold  water  or  in  hot  agar.  Some  of  these  could  be  dissolved  in  dilute 
alkali,  in  which  case  the  stock  solutions  were  made  in  cither  normal 
sodium  hydroxide  or  5%  sodium  carbonate  (anhydrous)  and  diluted 
with  water  twenty  times.  The  same  amount  of  the  alkali  was  also 
added  to  the  control  tubes  to  determine  whether  the  alkalinity  used 
had  any  inhibitory  effect  on  the  growth  of  the  organisms.  Some  of 
the  compounds,  as  shown  in  column  2  of  table  2,  were  insoluble  in 
any  known  solvent  that  could  be  used  in  this  ex])erimcnt.     The  required 

"   Ztschr.  f.   Hyg.  u.   Infcktionskr.,    1916,  82.   p.  279. 


TABLE     1 

List  of  Compounds 

Percentage  of  _  i    c         i 

Name  of  Compound  Mercury  Lhemic*!    ^-ormul. 

Mcrcurous  Chloride   84.92  ^"'"Jl '* 

Mercuric   Chloride    93.78  ^«~c\ 

Mercuric    Sulpho-Cyanide    63.29  "''s-csk 

Mercury   Potassium  Cyanide 68.72  HfiCH^.iHCU 

H-Q-Hg-O-C-CH, 

Allyl  Alcohol  Mercuric  Acetate 63.3  ""9 

H^'C-OH 

/H-C-Ct?\ 
Mercuric  Succinimide    50.5  J" !       /^"I  **' 

a  OH  HO-,^ 

C-0  0*olJ 

O-Hg-C 

Mercuro-Iodo    Hemol    (Merck) 12.0  Patented    Preparation  cf  Hemoglobin. flercuri/anj  loiin 

Mercurol   (Merck)    10.0  Patented   Preparation  of  ftercurj^  and 

Nudfinic   Acid 

Mercury  Phenolphthalein    39.0  <II>-C^^ ^^Ag^ 

Mercury   Tetraiodphenolphthalein    ...    19.6  C — < ^l\ 

^^.C^::— ^:Z>-OH 

Fluorescein   Mercuric   Chloride 33.17        L^  \^-^^     0  .HgC(, 

0 

ll(H.OH  ^ ^ ^^|<=H^0"'"<« 

Trypan   Blue  Mercuric  Chloride 15.65     fQ"^"^"^"*  ^^'        N.asOuSO.AI*'"'^'* 

OH   H 
Ortho-Oxy-Benzylidene  Amino  Phenyl-  /s^l  /N 

para  Mercuric  Acetate 44.0  [J   C  =«    |J_„^_^_(.h, 

l-Amino-2  [para-Naphthalin-Azophenyl  /v^N-M-~-/y> 

Mercuric      Acetate]      5      Sulphonic  I  i   9      om 

Acid   34.2  U     9        UL^-S^°^ 

Hj-O-C-CM, 
Methylene  Blue-Mercuric   Chloride...   28.94  ri_S_Qj<KHj).    '  '^'^'* 

lod-Methylene    Blue    Mercuric    Chlor-  0'^*'^^^ 

i<l<=    24.75      ^^^^^^^  |J_s_Uj«(CH,U      HgC), 

Methylene  Green   Mercuric  Chloride..  31.6        CCHJiW  I  J 5 IjjKCHJi 

Diazo-Amino    Methylene    Blue    ortho-                             n'^'''*°^fT~''"''"^<~>-M«Cl 
Toluidin   di    Mercuric   Chloride 29.7        (HjCLN  l^J 5 IJjjfcMji      hJo 

Diazo-Amino    Methylene    Blue    Brom  u  k_k       CKj 

Hydrate     ortho-Toluidin      Mercuric  Mil  "^< >-H^R, 

Bromide    39.5        (HX).nIJ— ^— L^'^**'^*      ){^ 

e!t 

Diazo-Amino    Methylene     Blue    ortho  n"^  "^^fl  CZ>OH 

Phenol   Mercuric  Chloride 29.7        (HAM  U— ^ LU^CH*)*  R,Cl 

CI 
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amount  of  such  insoluble  compounds  was  weighed  into  each  tube  of 
melted  agar.  The  tubes  were  well  shaken  and  cooled  quickly  in  ice 
water  so  that  time  was  not  given  for  the  drug  to  settle  out.  In  this 
way  a  fine  suspension  of  the  drug  in  agar  was  used,  and,  as  can  be  seen 
from  table  2,  such  fine  suspensions  showed  quite  as  great  bacteriostatic 
power  as  did  the  true  solutions.  It  is  probable  that  this  is  due  to  a 
slight  unrecognizable  solubility,  so  that  in  a  dilution  of  1 :  20,000  the 
compounds  were  really  in  solution.  Only  in  the  case  of  iodo-mercuro- 
hemol  did  even  this  method  fail  to  give  good  results,  ^^^hen  the  hot 
melted  agar  was  added  to  the  powdered  mercuro-iodo-hemol,  it  formed 
large,  coarse,  fiocculent  masses,  which  would  not  break  up  again.  This 
probably  explains  the  fact  that  only  a  dilution  of  1 :  1,000  completely 
inhibited  while  a  dilution  of  1  :  5,000  partially  inhibited  growth  and 
that  there  was  good  growth  on  all  the  higher  dilutions.  Hence,  it 
required  0.12  mg.  of  mercury  in  the  form  of  mercuro-iodo-hemol  per 
cc  of  agar  for  complete  inhibition  of  growth,  far  the  largest  amount 
required  in  any  of  the  tests.  Mercuric  chloride  stood  next  in  the 
amount  of  mercury  per  c  c  needed  for  inhibition.  This  seemed  sur- 
prising, as  mercuric  chloride  is  usually  considered  high  in  bacterio- 
static power.  However,  I  found  it  impossible  to  prepare  my  agar  tubes 
of  mercuric  chloride  without  a  certain  amount  of  precipitate  in  the 
bottom  of  the  tubes.  This  consisted  of  metallic  mercury,  and,  of  course, 
considerably  reduced  the  percentage  of  mercuric  chloride  in  the  agar. 
However,  Schamberg  and  his  co-workers  ^  also  found  that  many  of 
their  organic  mercury  compounds  had  a  much  higher  germicidal  ix)wer 
than  did  mercuric  chloride,  and  in  their  tests  the  dilutions  were  made 
in  distilled  water.  The  calculations  of  the  amount  of  mercury  per 
c  c  were  made  in  order  to  determine  whether  the  inhibitory  action  on  the 
growth  of  the  tubercle  bacillus  depends  solely  on  the  proportionate 
amount  of  pure  mercury  in  the  molecule,  as  Schamberg*^  found  was 
true  of  the  toxicity,  or  whether,  as  Schaml>erg  ^  found  in  his  bacte- 
ricidal studies  with  B.  typhosus  and  Staph,  aureus,  "the  antiseptic 
value  is  not  related  to  the  amount  of  pure  mercury  in  the  substance, 
but  rather  to  the  chemical  constitution  of  the  molecule."  By  examining 
the  last  column  of  table  2,  it  may  be  seen  that  4  comjwunds  are,  in 
proportion  to  the  mercury  content,  considerably  higher  than  the  others 
in  bacteriostatic  power.  These  are  in  order:  (1)  ally!  alcohol  mer- 
curic acetate,  (2)  double  salt  of  methylene  blue  and  mercuric  chloride, 
(3)  fluorescein  and  mercuric  chloride  and  (4)  1-  amino,  2  (paranaph- 
thalin  azophenyl  mercuric  acetate)   5  sulphonic  acid.     The  second  and 
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third  are  double  salts  of  mercuric  chloride  and  a  dye  which  alone  has 
considerable  inhibitory  power.  This  is  especially  true  of  methylene 
blue.  In  the  first,  mercury  is  bound  to  a  carbon  of  an  alcohol  ring, 
while  in  number  4,  mercury  is  bound  by  one  bond  to  a  carbon  of  a 
phenyl  ring.  The  double  salt  of  the  dye  trypan  blue  and  mercuric 
chloride  requires  over  twice  as  much  mercury  per  c  c  to  inhibit  as 
the  double  salt  of  methylene  blue  and  mercuric  chloride,  but  the  dye 
trypan  blue  has  itself  practically  no  inhibitory  power.  It  seems  neces- 
sary to  conclude  from  these  findings  that  the  different  constituents  of 
the  molecule  play  their  own  role  in  the  bacteriostatic  action  of  the 
mercury  compounds.  The  question  of  the  relation  of  the  position  of 
the  mercury  in  the  molecule  to  bacteriostatic  and  bactericidal  action 
will  be  discussed  in  another  paper. 
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It  will  be  seen  that  all  the  compounds  showed  some  inhibitory 
power,  that  nearly  all  inhibited  completely  at  1  :  10,000,  while  many 
also,  inhibited  at  1:20,000. 

With  only  3  compounds,  allyl  alcohol  mercuric  acetate,  double  salt 
of  methylene  blue  and  mercuric  chloride,  and  1 -amino,  2  (p-naph- 
thalin  azo-phenyl  mercuric  acetate)  5  sulphonic  acid,  did  the  bacterio- 
static action  go  farther  than  1 :  20,000. 

The  bactericidal  power  of  the  compounds  used  in  these  experiments 
has  not  been  tested,  partly  because  of  the  insolubility  or  difficult  solu- 
bility of  most  of  the  preparations.  In  most  of  the  experiments  with 
antiseptics  and  drugs  used  in  my  former  experiments,  we  have  found 
that  a  somewhat  lower  concentration  was  required  for  inhibition  than 
for  complete  bactericidal  action.  In  a  report  by  DeWitt  and  Sherman, ^- 
we  found  that  human  tubercle  bacilli  distributed  in  a  thin  layer  on 
garnets  and  exposed  for  24  hours  to  mercuric  chloride  in  a  dilution 
of  1  part  of  the  drug  to  100,000  parts  of  water  were  killed  so  that 
they  failed  to  infect  guinea-pigs. 

It  required  1  part  in  50,000  to  kill  them  in  clumps  in  1  hour  so 
that  they  would  not  grow  on  agar  tubes  and  1  part  in  1,000  of  water 
to  kill  them  in  1  hour  so  that  they  would  not  cause  the  disease  in 
animals.  In  all  cases,  the  garnets,  after  exposure  to  the  mercuric 
chloride  solutions,  were  well  washed  with  ammonium  sulphide  solution 
to  neutralize  the  mercury  and  then  with  4  wash  waters,  so  that  none 
or  very  little  of  the  drug  could  have  been  carried  over  to  continue  its 
action.  It  is  difficult  to  explain  this  apparently  much  higher  bacteri- 
cidal than  bacteriostatic  power  of  mercuric  chloride  except  on  the 
assumption  that  a  considerable  part  of  the  mercury  must  have  been 
thrown  out  of  solution  in  the  agar.  However,  Lewis  ^^  concludes  that 
there  is  no  close  or  constant  correlation  between  the  bactericidal  and 
inhibitory  action  of  chemicals. 

Therapeutic  Experiments 

1.  Mcrcurous  Chloride 

Six  guinea-pigs  were  inoculated  subcutaneously  with  0.2  c  c  c^f  a  suspcn.sion 
of  human  tubercle  bacilli  of  the  strain  known  as  "Old  Human"  to  distinguish 
it  from  the  various  strains  acquired  more  recently.  The  suspension  was  diluted 
to  the  point  at  which  it  was  just  slightly  opalescent.  These  6  animals  were 
each  fed  daily  one  pill  containing  1  mg.  of  mercurous  chkiridc.  One  pig  died 
in  2  days,  before  any  tuberculous  involvement  was  possible.     The  others  lived 

"  J.   Infect.   Dis..    1914.   15,  p.  245. 
"  J.   Expcr.  Med.,  1917,  25,  p.  441. 
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167,  231,  240,  245,  and  325  days,  an  average  of  241  days,  and  all  showed  marked 
tuberculous  involvement  of  lymph  glands,  spleen,  liver  and  lungs.  They  had 
received  by  mouth  125,  198,  209.  213,  and  282  mg.,  an  average  of  205  mg.  Con- 
trol pigs  were  inoculated  on  the  same  day  with  the  same  dose  of  the  same 
suspension  and  lived  85,  183,  193,  193,  and  193  days,  an  average  of  169  days. 
All  the  control  animals  also  showed  marked  generalized  tuberculosis.  The 
only  difference,  then,  between  the  treated  and  the  untreated  animals  was  that 
the  treated  animals  lived  longer  than  the  untreated,  but  the  extent  of  the 
disease  at  death  was  about  the  same. 

2.  Mercuric  Sulphocyanide 

Six  guinea-pigs  were  inoculated  with  0.2  cc  dilute  suspension  of  the  strain 
known  as  "Old  Human."  They  received  one  subcutaneous  injection  of  0.5  mg. 
and  one  of  1  mg.  and  were  fed  1  mg.  of  the  drug  per  day.  The  compound 
was  toxic  enough  so  that  daily  feedings  had  to  be  interrupted  at  intervals 
for  a  week  or  more  and  then  resumed.  "  Two  of  the  animals  received  one 
intracardiac  injection  of  1  mg.  One  of  these  died  the  next  day  and  the  other 
33  days  later.  The  length  of  life  after  inoculation  was  42,  85,  96,  143  and 
193  days.  The  average  length  of  life  was  112  days.  The  amount  of  the  drug 
administered  was  39.5,  60,  93,  124,  166  mg.,  or  an  average  per  animal  of 
91.5  mg.  All  the  animals  had  enlarged  caseous  inguinal  glands.  The  one 
dying  in  42  days  had  no  other  tubercles  visible  macroscopically.  The  others 
showed  some  tubercles  in  the  organs  but  only  in  the  one  living  193  days  was 
the  disease  marked. 

The  duration  of  life  of  the  untreated  controls  was  98,  111,  116,  117,  143 
and  156  days,  or  an  average  of  123.5  days.  Hence  with  this  treatment,  the 
treated  animals  died  more  quickly  than  the  untreated  controls.  On  the  other 
hand,  the  extent  of  the  disease  in  all  the  controls  was  much  greater  than  in 
the  treated  animals,  the  liver,  spleen  and  lungs  in  those  dying  after  98,  111, 
116,  and  117  days  being  more  involved  than  in  the  treated  animals  living  143. 
and.  193  days.  This  suggests  that  the  drug  had  a  certain  slight  inhibitory 
action  over  the  progress  of  the  disease  although  not  enough  to  prevent  it 
completely,  while  its  toxic  action  was  sufficient  to  shorten  life  in  many  of  the 
animals. 

3.  Mercury  Potassium  Cyanide 

Six  guinea-pigs  were  inoculated  with  0.2  cc  of  dilute  emulsion  of  "Old 
Human"  tubercle  bacilli.  Each  received  one  subcutaneous,  one  intracardiac 
and  one  intramuscular  injection  and  was  fed  1  mg.  per  day.  One  died  on  the 
eighth  day  after  inoculation  with  no  sign  of  tuberculosis.  One  died  on  the 
thirty-second  day  showing  an  enlarged  regional  gland  and  a  few  small  tubercles 
in  the  spleen.  The  others  lived  86,  162,  169  and  238  days,  or  an  average  of 
166  days.  All  showed  marked  tuberculosis  of  lymph  glands,  spleen,  liver  and 
lungs.  The  controls  of  this  series  lived  .98,  111,  116,  117,  143  and  156  days, 
or  an  average  of  123.5  days,  and  all  had  a  marked  generalized  tuberculosis. 
In  this  series,  if  we  leave  out  of  consideration  2  treated  animals  that  died 
early  from  some  cause  other  than  tuberculosis,  the  treated  animals  lived 
longer  than  the  controls,  but  the  extent  of  the  disease  was  about  the  same  in 
the  two  sets. 
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4.  Allyl  Alcohol  Mercuric  Acetate 

This  preparation  was  made  for  me  in  the  chemical  laboratory  of  the  Uni- 
versity of  Chicago.  My  reason  for  having  it  made  was  the  reputation  that 
allyl  alcohol  and  some  of  its  derivatives  have  acquired  in  the  clinical  treat- 
ment of  tuberculosis.  As  is  seen  in  table  2,  this  mercurial  compound  of  allyl 
alcohol  has  a  high  bacteriostatic  power  over  the  growth  of  the  human  tubercle 
bacillus.  The  compound  could  be  dissolved  in  water  to  make  a  solution  of 
one  part  in  1,000.  Six  guinea-pigs  were  inoculated  with  0.05  mg.  of  culture 
strain  1305,  isolated  by  Dr.  H.  J.  Corper  at  the  Chicago  Municipal  Sanatorium 
about  5  years  ago.  Each  animal  received  a  subcutaneous  injection  of  1  mg. 
of  the  allyl  alcohol  mercuric  acetate  in  1  c  c  of  water.  Then  each  was  fed 
1  mg.  pill  per  day  up  to  the  time  of  death.  These  animals  lived  46,  56,  ^, 
102,  104  and  140  days,  or  an  average  of  91  days.  They  had  received  41,  49,  87, 
87,  88  and  118  mg.  of  the  drug,  or  an  average  of  78  mg.  for  each  animal.  All 
showed  marked  tuberculosis  of  lymph  glands,  spleen,  liver  and  lungs.  The 
controls  of  this  series  lived  77,  78,  79,  84,  119  and  119  days,  or  an  average  of 
92.6  days.  All  the  animals  showed  marked  generalized  tuberculosis.  In  spite 
then,  of  the  high  bacteriostatic  power  of  allyl  alcohol  mercuric  acetate  in 
vitro,  it  seems  to  have  no  therapeutic  effect  on  animals  inoculated  with  a 
virulent  strain  of  tubercle  bacilli,  since  both  length  of  life  and  extent  of  disease 
are  practically  the  same  in  the  treated  and  untreated  animals.  It  is  probable 
that  this  drug  fails  to  penetrate  the  young  tubercles,  or  is  broken  up  and 
loses  its  antiseptic  power  before  it  reaches  them. 

5.  Mercuric  Succinimide 
This  is  the  mercury  compound  which,  perhaps  because  of  its  being  a 
soluble  organic  mercury  compound,  has  been  especially  used  in  the  clinical 
treatment  of  tuberculosis.  It  was  used  largely  by  B.  L.  Wright  and  his  fol- 
lowers, although  some  of  them  substituted  mercuric  chloride  for  the  suc- 
cinimide. Six  guinea-pigs  were  inoculated  with  0.2  c  c  of  the  dilute  suspension 
of  the  "Old  Human"  strain  of  tubercle  bacilli.  Subcutaneous  and  intracardiac 
injections  were  used  at  -first,  then  pills  containing  1  mg.  of  the  drug  were  fed 
daily.  One  lived  only  10  days,  succumbing  on  the  day  following  an  intra- 
cardiac injection  and,  of  course,  showed  no  tuberculosis.  The  others  lived 
85.  95,  154,  189  and  219  days,  an  average  of  148  days.  They  received  84,  90, 
154,  214  and  240  mg.  of  the  drug,  or  an  average  of  156  mg.  The  extent  of  the 
disease  was  distinctly  limited  in  this  series.  The  pig  that  died  in  85  days 
showed  only  an  involvement  of  the  regional  lymph  glands  with  necrotic  masses 
in  the  spleen.  Even  the  one  that  lived  the  longest  showed  but  slight  involve- 
ment of  the  spleen  and  lungs  and  regional  lymph  glands.  Some  had  partial 
necrosis  of  the  liver  and  some  showed  cirrhosis  of  the  liver,  but  the  involve- 
ment of  the  organs  was  slight  for  the  duration  of  the  disease.  The  controls 
lived  98,  111,  116,  117,  143  and  156  days,  or  an  average  of  120  days.  All  had 
marked  tuberculosis  of  l>mph  glands,  spleen,  liver  and  lungs.  The  treated 
animals  have  lived  on  the  average  somewhat  longer  than  the  controls,  although 
2  died  earlier  and  2  lived  much  longer  than  any  of  the  controls.  The  extent 
of  the  disease  in  the  treated  was  considerably  less  than  in  the  untreated 
animals. 


iU  L.  M.  DeWitt 

6.  Mercuric  Salicylate 

Five  guinea-pigs  were  inoculated  with  0.2  cc  of  dilute  suspension  of  Miller's 
strain  of  human  tubercle. bacilli,  a  moderately  virulent  strain.  Since  mercuric 
salicylate  is  insoluble,  a  suspension  was  made  in  sterile  paraffin  oil  and  an 
amount  containing  2  or  3  mg.  of  the  drug  injected  intramuscularly  once  a 
week.  On  the  other  days  of  the  week,  a  pill,  containing  at  first  1  mg.  and 
afterward  2  mg.,  was  fed  to  each  animal.  This  dosage  was  evidently  too 
toxic,  as  the  animals  lived  only  13,  27,  27,  37  and  59  days,  having  received 
12,  24,  24,  35  and  67  mg.  of  the  drug.  The  inguinal  glands  were  enlarged  and 
caseous  in  all  except  the  one  dying  in  13  days,  and  the  spleen  was  involved 
in  some  of  the  others.  Hence,  even  in  these  doses  which  so  quickly  killed  the 
animals,  there  was  evident  little,  if  any,  influence  on  the  progress  of  the 
infection.  The  controls  of  this  series  lived  91,  96,  97,  104,  121  and  226  days, 
an   average  of   122.5   days,   and   all   showed   marked   generalized   tuberculosis. 

7.  Mcrcuro-lodo-Hcmol 

This  is  an  insoluble  commercial  preparation  obtained  from  Merck  and 
Company.  Hemol  is  a  hemoglobin  preparation,  and  the  compound  used  is 
said  to  contain  12.35%  of  mercury  and  28.6%  of  iodine.  From  2-5  grains  by 
mouth  three  times  per  day  is  the  dose  recommended  for  syphilitic  patients. 
Six  guinea-pigs  were  inoculated  with  0.2  c  c  of  a  dilute  suspension  of  the  "Old 
Human"  strain  of  tubercle  bacilli.  Each  animal  was  fed  daily  a  pill  con- 
taining 1  mg.  of  the  mercuro-iodo-hemol  preparation  and  received  several  sub- 
cutaneous injections  of  a  suspension  in  gelatin  and  an  intramuscular  injection. 
They  lived  67,  96,  110,  133,  135  and  171  days,  or  an  average  of  120  days, 
and  received  41,  86,  97,  109,  119  and  147  mg.  of  the  drug,  an  average  of 
99%  mg.  All  showed  considerable  tuberculous  involvement  of  the  lymph  glands, 
liver,  spleen  and  lungs.  The  controls  of  this  series  lived  98,  111,  116,  117, 
143  and  156  days,  or  an  average  of  123.5  days,  and  all  showed  an  extreme 
degree  of  generalized  tuberculosis.  Hence,  the  hemol  mercury  preparation, 
while  not  especially  toxic,  seems  to  have  had  no  beneficial  influence  on  the 
progress  of  the  disease. 

8.  Mercurol 

M'ercurol  or  mercury  nucleide  is  also  a  commercial  preparation  obtained 
from  Merck  and  Company.  It  is  soluble  in  water  and  is  said  to  contain 
10%  of  mercury.  It  was  tested  in  this  series  of  experiments,  especially  because 
of  the  favorable  reputation  which  nuclein  and  nucleinic  acid  have  long  borne 
in  the  clinical  treatment  of  pulmonary  tuberculosis.  The  mercurol  is  freely 
soluble  and  neither  very  toxic  nor  locally  irritating,  so  that  injections  of  vari- 
ous kinds  could  be  continued  much  longer  than  with  most  of  the  mercurial 
preparation*.  Several  sets  of  animals  were  therefore  tried  out  in  testing  the 
therapeutic  properties  of  this  drug. 

(a)  Six  guinea-pigs  were  inoculated  with  0.2  c  c  of  a  dilute  suspension 
of  "Old  Human"  tubercle  bacilli.  These  were  fed  daily  pills  containing  each 
1  mg.  of  the  drug,  the  daily  dosage  being  increased  according  to  the  con- 
dition of  the  animal.  They  also  received  injections  once  a  week,  2  subcu- 
taneous injections  of  1  and  3  mg.  and  4  intracardiac  injections  of  2,  3,  4 
and  5  mg.  of  the  drug.  They  lived  2)3,  42,  47,  56.  82  and  234  days,  or  an 
average  of  82  days.  They  received  36,  49,  57,  76,  129  and  349  mg.,  or  an 
average  of  116  mg.  of  the  drug.  Three  of  these  animals  died  as  a  direct  result 
of  an  intracardiac  injection,  one  died  from  a  septic  abortion,  while  none  had 
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any  considerable  tuberculous  involvement  more  than  enlarged  and  partly 
caseous  regional  lymph  glands.  The  controls  of  this  set  lived  26,  56,  71,  137, 
202  and  217  days,  or  an  average  of  118  days,  and  all  except  the  first  two  to 
die  had  marked  generalized  tuberculosis. 

(b)  The  second  set  consisted  of  6  guinea-pigs  inoculated  with  the  same 
dose  of  the  same  strain  as  set  1.  They  were  treated  merely  by  feeding  mercurol 
pills,  gradually  increasing  the  dose  as  the  condition  of  the  animal  permitted. 
Two  other  guinea-pigs  were  inoculated  with  the  caseous  substance  from  a 
lymph  gland  taken  from  a  pig  of  set  1  and  were  treated  w^ith  the  pigs  cf 
set  2,  after  a  local  tubercle  developed.  These  lived  48,  90,  122,  139,  160,  271, 
271,  271  days,  or  an  average  of  171  days.  They  received  by  mouth  42.  86, 
166,  199,  186,  186,  and  186  mg.  In  all  these  animals  there  were  found  enlarged 
caseous  glands  in  the  inguinal  region  and  from  slight  to  moderate  involve- 
ment of  the  liver,  spleen  and  lungs.  In  none  of  the  animals  of  this  set  were 
these  organs  normal  or  even  completely  free  from  tubercles,  as  they  were 
in  set  1.  The  controls  of  this  set  lived  85,  183,  193,  193  and  193  days,  or  an 
average  of  169  days,  a  slightly  lower  average  length  of  life  than  in  the  treated 
animals  because  3  of  the  treated  animals  lived  much  longer  than  the  others 
and  much  longer  than  any  of  the  controls.  All  of  the  controls,  except  the 
one  dying  on  the  eighty-fifth  day,  exhibited  much  more  marked  general  tuber- 
culosis than  did  the  treated  animals. 

(c)  The  third  set  was  inoculated  with  the  same  dose  of  the  same  strain  as 
the  other  two  sets.  It  was  treated  by  feeding  and  intraperitoneal  injections. 
These  died  in  47,  78,  118,  159  and  164  days,  or  an  average  of  113  days.  They 
had  received  52,  78,  )26,  142  and  155  mg.,  or  an  average  of  111  mg.  of  the 
drug.  The  one  dying  after  47  days  had  enlarged  caseous  glands  in  both 
groins  and  a  few  in  the  spleen  and  liver.  The  one  dying  in  78  days  had  no 
caseous  glands  and  no  macroscopic  tubercles  in  the  liver,  spleen  or  lungs. 
The  3d,  4th  and  5th  to  die  showed  no  tubercles  in  any  of  the  organs  and  no 
caseous  glands.  This  pathologic  condition  would  have  seemed  somewhat 
encouraging  for  the  claims  of  mercurol  had  it  not  been  that  the  control  ani- 
mals of  that  set  lived  much  longer  than  the  treated  and  exhibited  about  the 
same  degree  of  tuberculous  involvement.  This  seemed  to  indicate  that  the 
"Old  Human"  strain  was  losing  its  virulence  to  a  degree  which  made  it 
hardly  usable  for  therapeutic  experiments.  In  connection  with  set  3,  a  num- 
ber of  uninoculated  guinea-pigs  were  treated  with  mercurol  in  the  same  way 
as  the  infected  pigs.  These  pigs  were  killed  after  the  tuberculous  pigs  had 
died.  No  pathologic  changes  were  noted,  except  hemorrhages  and  hemor- 
rhagic exudates  in  most  of  the  animals. 

In  regard  to  mercurol,  we  must  conclude  that,  while  it  is  quite  nontoxic 
and  nonirritating  and  seems  to  have  some  slight  inhibiting  influence  over  the 
spread  of  the  disease  in  the  animal,  that  influence  is  not  sufficient  to  encourage 
us  in  further  experiments,  since  in  all  probability,  with  more  virulent  strains, 
the  influence  of  the  drug  would  either  not  be  felt  or,  as  often  happens,  would 
stimnlate  the  organism  to  increased  growth  and  virulence. 

9.  Mercury  Phcnolphthalcin 
This  preparation  was  made  for  me  in  the  chemical  laboratory  of  the  Uni- 
versity of  Chicago  according  to  suggestions  made  by  Halin  and  Kostenbader." 
It  is  insoluble  in  water  but  dissolves  in  alkalies.    The  mercury  makes  up  about 
^9%  of  the  molecular  weight.     (See  table  1.) 

"  Ztfchr.  f.  Chemothcrapie.  O.,  2,  O,  p.  71. 
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Six  guinea-pigs  were  inoculated  with  0.2  cc  of  a  dilute  suspension  of 
"Old  Human"  strain  of  tubercle  bacilli  and  each  was  fed  daily  first  one  and 
later  two  pills  containing  each  2.6  mg.  Three  of  the  6  animals  died  during  the 
first  month  of  some  cage  infection  with  no  sign  of  tuberculosis.  The  other  three 
lived  210,  244  and  306  days  and,  at  death,  showed  advanced  tuberculous  involve- 
ment of  lymph  glands,  liver,  spleen  and  lungs.  The  controls  died  after  126, 
170,   182,  187,  192  and  205  days,  all  showing  marked  general  tuberculosis. 

10.  Mercury  Tetraiod  Phenolphthalein 

This  was  also  suggested  by  Hahn  and  Kostenbader  and,  having  4  iodin 
atoms  in  the  molecule  given  for  mercury  phenolphthalein,  was  also  tested, 
the  animals  being  inoculated  and  then  fed  daily.  Aside  from  2  animals  that 
died  early,  they  lived  133,  151,  166  and  241  days,  and  all  showed  at  death 
advanced  tuberculosis  of  lymph  glands,  spleen,  liver  and  lungs.  The  controls 
lived  122,  133,  150,  169,  176  and  295  days.  All  had  extensive  advanced  tuber- 
culosis. Hence  these  2  phenolphthalein  dyes  seem  to  have  no  influence  on  the 
extent  and  distribution  of  the  disease. 

11.   Double   Salt   of  Fluorescein   and   Mercuric   Chloride 

This  also  is  one  of  Hahn  and  Kostenbader's  "mercurialized  dyes."  Six 
guinea-pigs  were  inoculated  with  0.2  c  c  of  a  dilute  suspension  of  the  "Old 
Human"  strain  and  then  fed  with  the  dye.  Three  died  during  the  first  month 
of  cage  infections.  The  other  three  lived  58,  88  and  217  days  having  received 
250,  426  and  950  mg.  of  the  dye.  The  one  living  58  days  showed  no  gen- 
eralized tuberculosis,  the  second  contained  tubercles  only  in  the  lungs,  while 
the  third  had  only  a  few  small  tubercles  in  the  lungs,  but  the  liver  and  spleen 
were  full  of  tubercles.  The  controls  lived  126,  170,  182,  187,  192  and  205  days, 
or  an  average  of  177  days,  and  all  showed  extensive  advanced  general 
tuberculosis. 

In  spite  of  the  fact  that  the  involvement  in  the  controls  Was  much  greater 
than  in  the  treated  pigs,  we  cannot  under  these  conditions  consider  that  the 
difference  was  due  to  the  treatment,  since  all  animals  that  lived  as  long  as 
did  the  controls  had  some  generalized  tuberculosis,  even  though  not  dis- 
tributed through  all  the  organs. 

12.   Double  Salts  of   Trypan   Blue   and  Mercurous   Chloride 
and  Mercuric  Chloride 

These  salts  were  made  for  me  by  Dr.  Walter  Fraenkel,  and  the  method  of 
making  was  described  in  a  previous  paper.*'  At  that  time  it  was  found  that 
these  salts  had  some  tuberculocidal  power  since  0.1  c  c  of  a  suspension  of 
tubercle  bacilli  exposed  for  24  hours  to  1%  solution  of  the  salts  and  then 
injected  into  guinea-pigs  failed  in  most  cases  to  cause  disease.  The  inhibiting 
action  of  the  mercuric  salt  was  surprisingly  low,  since  only  the  1 :  1,000  and 
1 :  5,000  dilutions  caused  complete  inhibition.  Six  guinea-pigs  were  inoculated 
with  02  c  c  of  dilute  suspension  of  the  "Old  Human"  strain.  They  received 
the  mercurous  salt  of  the  dye  both  by  daily  feeding  of  1,  2  or  3  mg.  and 
by  occasional  intramuscular  injections  of  a  suspension  in  oil.  They  lived 
33,  35,  38,  73,  93  and  219  days,  or  an  average  of  81  days.    They  had  received 

»  Jour.  Infect.  Dis.,  1914,  14,  p.  498. 
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2)7,  43,  52,  97,  181  and  192  mg.,  or  an  average  of  100  mg.  All  showed  gen- 
eralized tuberculosis  in  moderate  degree.  A  second  set  was  inoculated  with 
0.1  c  c  of  the  Miller's,  a  more  virulent  strain.  These  were  both  fed  and 
injected.  They  lived  91,  94,  137  and  139  days,  or  an  average  of  115  days. 
They  received  110,  112,  137  and  139  mg.  of  the  dye.  All  showed  an  advanced 
generalized  tuberculosis.  Hence,  these  mercury  salts  of  trypan  blue  have  only 
slight  bactericidal  and  inhibitory  power  and  no  therapeutic  influence  over 
the  disease. 

13.  Mercury  Derivations   of  Aromatic   Amines 

Jacobs  and  Heidelberger  ^®  described  some  mercury  derivatives  of  aromatic 
amines.  As  some  of  these  preparations  looked  as  if  they  might  be  of  interest 
in  my  work,  I  had  my  chemist  make  two  of  them  according  to  their  directions. 

(a)  4-ortho-oxybenzylidene  amino  phenyl  para  mercuric  acetate,  which  con- 
tains 44.02%  of  mercury.  This  compound  is  soluble  in  dilute  alkali.  Six 
guinea-pigs  were  inoculated  with  0.2  c  c  of  a  dilute  suspension  of  "Old  Human" 
strain  of  tubercle  bacilli.  One  mg.  pills  were  fed  to  each  pig  daily  and  several 
injections  were  given.  Two  of  the  pigs  died  shortly  after  an  intracardiac 
injection.  The  other  animals  lived  ZZ,  68,  78  and  220  days,  or  an  average  of 
99%  days.  They  had  received  32.  40,  53  and  151  mg.,  or  an  average  of 
69  mg.  per  animal.  The  three  that  died  earliest  had  no  or  slight  tuberculosis, 
but  the  one  living  220  days  showed  an  extensive  generalized  tuberculosis.  The 
controls  lived  24,  119,  184,  238,  264  and  315  days,  or  an  average  of  207  days, 
much  longer  than  the  treated  animals  and  all  except  the  first  showed  marked 
and  extensive  generalized  tuberculosis. 

(b)  l-amino-2(para-naphthalin  azophenyl  mercuric  acetate)  5-suIphonic 
acid.  This  contained  34.24%  of  mercury  and  was  also  soluble  in  dilute  alkali. 
The  inhibitory  power  was  high,  since  there  was  complete  inhibition  up  to 
1 :  20,000  and  partial  inhibition  even  to  1 :  500,000.  Two  sets  of  animals  were 
used  for  this  compound.  The  first  set  was  inoculated  and  treated  in  the  same 
way  as  the  set  just  described.  These  lived  10,  30,  50,  51,  65  and  250  days. 
The  first  ones  died  from  the  effect  of  an  injection.  Only  the  one  that  died 
last  after  250  days  showed  tuberculosis.  The  second  set  was  inoculated  with 
the  same  dose  of  the  same  strain  and  treated  mostly  by  feeding,  only  one  sub- 
cutaneous injection  having  been  given.  These  animals  lived  36,  118,  146,  155. 
188  and  255  days,  an  average  of  149  days.  All  showed  slight  to  moderate 
generalized  tuberculosis  with  considerable  tendency  to  the  fibrous  form  of 
tuberculosis.  The  controls  lived  42,  168,  199,  219.  276  and  281  days,  or  an 
average  of  197  days,  much  longer  than  the  treated  pigs,  and  all  except  the 
first  showed  an  advanced  generalized  tuberculosis. 

14.    Mercury    Compounds    of    Methylene    Blue    and    Its    Derivatii'cs 

This  group  of  compounds  has  been  of  especial  interest  to  me  because  of  the 
position  methylene  blue  itself  has  occupied  as  an  internal  germicide  and  also 
in  the  treatment  of  tuberculosis.  Some  of  the  work  has  already  been  rep(^rted 
briefly."  In  this  present  report,  the  work  of  the  various  mercuric  compounds 
of  the  group  of  dyes  related  to  and  derived  from  methylene  blue  will  be 
reported  more  in  detail.    In  the  earlier  work  and  by  difTorcnt  methods  than  those 

>"  J.  Biol.  Chffn..  1914.  20.  p.  51.^. 
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used,  I  found  the  methylene  blue  chloride  caused  complete  inhibition  of  the 
human  tubercle  bacillus  in  a  dilution  of  1 :  5,000,  while  Paul  Lewis  "  by  still 
another  method  found  that  1 :  1,000,000  was  the  highest  concentration  at  which 
the  growth  equaled  that  on  control  flasks.  Methylene  blue  was  also  shown 
by  me  to  have  some  bactericidal  action  on  the  tubercle  bacillus. 

(a)  The  double  salt  of  methylene  blue  and  mercuric  chloride,  which  was 
made  by  my  chemical  assistants  by  adding  a  solution  of  mercuric  chloride 
to  a  solution  of  methylene  blue  and  thoroughly  washing  and  drying  the  pre- 
cipitate thus  formed,  contains  about  34%  mercury  and  is  quite  insoluble,  but 
forms  a  good  suspension  on  shaking  in  hot  agar  and  then  cooling  and  slant- 
ing quickly.  There  was  no  growth  in  tubes  up  to  1 :  20,000  and  only  slight 
growth  in  the  tubes  containing  a  dilution  of  1 :  50,000.  The  amount  of  mer- 
cury per  c  c  in  the  highest  dilution  which  completely  inhibited  was  0.014, 
which  was  less  than  completely  inhibited  in  any  other  mercurial  tested,  except 
the  allyl  alcohol  mercuric  acetate.  In  the  first  experiment  with  this  drug,  4  of 
the  6  guinea-pigs  died  within  the  first  3  weeks.  The  other  2  lived  130  and 
208  days.  Each  pig  was  fed  1-2  mg.  every  day  during  life  and  received 
injections  once  a  week.  There  was  practically  no  tuberculous  involvement 
even  in  the  animal  that  lived  208  days.  Another  set  of  animals  was  there- 
fore inoculated  in  the  same  way  with  0.2  c  c  of  dilute  suspension  of  the  "Old 
Human"  strain  of  tubercle  bacilli.  These  received  no  injections  but  were 
fed  daily  pills  containing  a  dose  of  1-2  mg.  These  pigs  lived  147,  237,  265, 
269  and  288  days,  an  average  of  241  days.  They  received  by  mouth  during 
life  264.6,  460,  460,  500  and  520  mg.  of  the  drug,  or  an  average  of  440.9  mg. 
per  animal.  Four  of  these  pigs  showed  at  necropsy  only  slight  involvement 
of  regional  lymph  glands  and  of  the  spleen;  but  the  fifth  showed  extensive 
and  advanced  tuberculosis  of  lymph  glands,  spleen,  liver  and  lungs.  The 
controls  of  this  series  lived  126,  170,  182,  187,  192  and  205  days,  an  average 
of  177  days,  a  much  shorter  time  than  the  treated  animals  lived,  while  every 
one  of  the  controls  showed  marked,  extensive  and  advanced  tuberculosis  of 
lymph  glands,  spleen,  liver  and  lungs.  These  results  were  so  good  that  it 
seemed  well  worth  while  to  carry  the  experiment  further,  and  another  set 
of  guinea-pigs  was  inoculated  with  the  same  dose  of  the  same  strain  of  human 
tubercle  bacilli.  These  also  were  fed  daily  and  no  injections  were  given. 
These  lived  96,  188,  247,  267,  298  and  298  days,  an  average  of  231  days.  In 
4  of  these  the  tuberculous  involvement  was  slight,  while  in  2  it  was  extensive. 
The  controls  of  this  series  lived  42,  168,  199,  219,  276  and  281  days,  ati 
average  of  197  days,  and  all  except  the  first  showed  as  extensive  tubercu- 
losis as  the  worst  two  of  the  treated  animals.  The  effect  of  treatment  in  this 
set  seemed  much  less  than  in  the  other  sets  described,  but  the  treated  animals 
lived  longer  and  showed  less  extensive  disease  than  the  untreated. 

The  next  set  consisted  of  5  guinea-pigs  inoculated  with  02  c  c  dilute  sus- 
pension of  the  "Old  Human"  strain.  They  received  the  drug  by  daily  feeding 
of  1-2  mg.  pills  and  intramuscular  injection  of  the  drug  in  cotton  seed  oil. 
They  lived  100,  147,  265,  335  and  733  days.  None  of  these  animals  had  any 
definite  tubercles  in  any  of  the  internal  organs,  though  all  had  slightly  enlarged 
noncaseous  glands  in  the  inguinal  region.  The  controls  of  this  set  lived  145, 
172,  222,  232  and-  266  days,  an  average  of  207  days,  and  all  had  advanced 
tuberculosis  of  lymph  glands,  liver,  spleen  and  lungs.    The  next  set  consisted 
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of  6  guinea-pigs  inoculated  with  the  same  dose  of  the  same  strain  as  the 
other  sets  and  treated  by  daily  feedings  and  weekly  intramuscular  injections 
of  the  double  salt  in  cotton  seed  oil.  They  lived  97,  101,  103,  161,  402,  813 
and  1,000  days.  The  2  that  lived  over  2  years  showed  no  sign  of  tuberculosis 
except  slightly  enlarged  and  hard  glands  in  the  groins,  which  showed  necrotic 
fibrous  encapsulated  tubercles.  The  others  showed  no  sign  of  tuberculosis, 
except  some  enlarged,  noncaseous  glands.  This  would  have  been  satisfactory 
had  it  not  been  that  the  controls  of  this  set.  although  they  died  much  earlier 
than  some  of  the  treated  animals,  living  110,  160,  204,  233  and  234  days,  and 
although  they  had  enlarged  and  caseous  glands,  showed  but  slight  or  moderate 
tuberculosis  of  the  internal  organs.  It  seemed  safe  to  conclude  from  all  these 
experiments  that  animals  inoculated  with  a  strain  of  low  virulence  certainly 
received  considerable  benefit  from  treatment  with  small  doses  of  the  double 
salt  of  methylene  blue  and  mercuric  chloride.  A  much  more  virulent  strain 
was  then  used  to  determine  whether  the  effect  observed  in  the  animals  inocu- 
lated with  the  strain  of  low  virulence  would  also  be  observed  in  those  inoculated 
with  a  strain  of  high  virulence.  The  strain  used  was  called  "1305"  and  was 
one  isolated  in  about  1916  by  Dr.  Corper  from  sputum  obtained  from  a  patient 
in  the  Chicago  Municipal  Tuberculosis  Sanatorium.  Eight  guinea-pigs  were 
inoculated  subcutaneously,  each  receiving  0.05  mg.  of  the  culture.  They  were 
treated  by  daily  feeding  of  pills  containing  each  1  mg.  of  the  double  salt  of 
methylene  blue  and  mercuric  chloride.  They  lived  54,  58,  70,  76,  11,  111,  121 
and  122  days,  or  an  average  of  IZ  days.  They  had  received  42,  50,  6^,  65.  66. 
98,  104  and  105  mg.  of  the  drug,  or  an  average  of  74  mg.  per  animal.  All  the 
animals  showed  some  tuberculosis  of  the  internal  organs  at  necropsy  and  in 
nearly  all  the  disease  was  moderately  or  extremely  extensive.  The  controls 
lived  60,  109,  111,  129  and  172  days,  or  an  average  of  116  days,  and  all 
showed  marked  tuberculosis  of  the  lymph  glands,  spleen,  liver  and  lungs.  In 
this  set  there  was  practically  no  difference  between  the  treated  and  untreated 
guinea-pigs.  Another  set  was  inoculated  with  0.05  mg.  of  1305,  then  fed 
1  mg.  of  the  double  salt  daily,  as  in  the  last  set,  but  these  also  received  several 
subcutaneous  injections  of  1  mg.  of  egg  albumin.  These  lived  92,  104,  106, 
121,  124  and  214  days,  and  nearly  all  showed  extensive  involvement  of  lymph 
glands,  liver,  spleen  and  lungs.  Still  another  set,  inoculated  in  the  same  way 
with  the  same  dose  of  the  same  strain  as  the  set  described  al)ove  and  as  the 
controls  given  under  the  first  of  these  three  1305  sets,  received  in  addition 
to  the  feeding  with  the  double  salt  of  methylene  blue  and  mercuric  chloride 
several  subcutaneous  injections  of  a  vaccine  made  by  heating  a  suspension 
of  the  same  strain  with  which  they  were  inoculated  to  60  C.  for  c)ne  hour. 
These  lived  30,  67,  85,  111,  130,  143,  143,  153  and  156  days,  or  an  average 
of  113  days  as  compared  with  an  average  of  116  days  life  of  the  controls. 
All  of  the  guinea-pigs  of  this  set  also  showed  extensive  tuberculosis  of  the 
internal  organs  in  a  degree  that  is  apparently  about  equal  to  that  of  the  con- 
trol  animals. 

Another  set  was  inoculated  each  with  0.05  mg.  of  the  virulent  strain  1305 
and  then  fed  daily  from  1  to  2  mg.  of  the  dc>uble  salt.  They  lived  62,  l}i,  95, 
96.  101,  129,  164  and  259  days.  They  had  received  by  mouth  before  death 
63.  IX  92.  93.  97.  121.  151  and  389  mg.  Five  of  thc>e  8  guinea-pigs  showed 
either  no  or  slight  tuberculous  involvement,  having  died  from  some  acute 
infection.  The  2  that  died  after  96,  101  and  259  days  showed  a  rather  exten- 
sive  general   involvement.     Six  of  the  8  controls  of  this   set   have   died   after 
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14.  66,  66,  207,  213  and  267  days.  The  one  dying  after  14  days  showed  no 
tuberculosis,  and  one  of  those  dying  after  66  days  had  a  slight  degree  of 
the  disease;  in  the  other  4  the  glands,  liver,  spleen  and  lungs  were  extensively 
involved. 

Hence,  we  must  say  that,  as  far  as  we  may  conclude  from  these  experiments, 
the  double  salt  of  methylene  blue  and  mercuric  chloride,  if  fed  in  1  mg.  doses, 
exerts  no  or  but  little  beneficial  influence  on  the  rapidly  progressive  type  of 
tuberculosis  caused  in  guinea-pigs  by  inoculation  with  a  virulent  human  strain, 
although  in  the  type  caused  by  inoculation  with  a  strain  of  low  virulence,  it 
seems  to  exert  a  distinct  and  considerable  influence,  although  it  cannot  be 
said  to  cure,  even  in  these  cases.  If  we  may  judge  by  the  length  of  life  and 
by  the  condition  of  the  animals,  we  cannot  consider  that  it  had  in  any  case 
an  injurious  influence  if  given  by  mouth  and,  if  given  by  intramuscular  injec- 
tion, there  seems  to  have  been  no  other  ill  effect  than  the  local  infiltrations 
and  occasional  ulcerations  usually  caused  by  any  oil  emulsion. 

In  addition  to  the  experiments  described  on  the  use  of  the  double  salt  of 
methylene  blue  and  mercuric  chloride,  2  sets  of  animals  were  treated  with 
alternate  injections  of  methylene  blue  and  of  calomel  and  one  set  using 
alternate  injections  of  methylene  blue  and  of  mercuric  chloride.  This  was 
done  with  the  idea  that  a  compound  of  methylene  blue  and  mercury  might 
thus  be  formed  internally  and  perhaps  be  more  efficacious.  The  first  set  treated 
with  methylene  blue  and  calomel  died  during  the  first  month,  showing  no  sign 
of  tuberculosis.  The  second  set  received  the  methylene  blue  by  intracardiac 
injection  and  the  mercurous  chloride  by  intramuscular  injection,  but  both  in 
smaller  individual  doses  than  were  used  in  the  first  set  of  animals.  Three  of 
the  animals  of  this  set  died  after  the  first  intracardiac  injection,  2  from  abor- 
tion and  the  others  from  the  heart  injection.  The  other  3  received  the  injec- 
tions about  once  a  week  for  one  month  and  afterward  no  further  treatment 
and  lived  172,  211  and  312  days.  Only  the  last  one  of  these  showed  any  con- 
siderable tuberculous  involverhent.  The  controls  of  this  set  lived  26,  56,  71, 
137,  202  and  217  days.  The  strain  used  for  inoculation  in  this  set  was  the 
**01d  Human"  which  had  by  this  time  partly  lost  its  virulence,  so  that  only 
the  controls  that  had  lived  200  or  more  days  showed  extensive  tuberculosis, 
while  in  the  treated  animals,  only  the  one  that  lived  312  days  showed  any  con- 
siderable disease. 

The  next  set  were  inoculated  subcutaneously  with  0.2  c  c  of  "Old  Human" 
strain  of  tubercle  bacilli  and  for  a  little  over  one  month  received  weekly  intra- 
peritoneal injections  of  methylene  blue  and  mercuric  chloride  separately.  These 
drugs  were  also  fed  to  them  on  alternate  days.  They  lived  41,  65,  106,  106, 
110  and  247  days,  or  an  average  of  113  days.  Those  that  lived  106  and  110 
days  showed  moderate  generalized  tuberculosis,  but  the  others,  even  the  one 
living  247  days,  showed  none.  The  controls  of  this  set  lived  110,  160,  204,  and 
233  and  234  days  and  showed  little  generalized  tuberculosis.  All  showed  enlarged 
and  partly  caseous  glands.  Hence  this  treatment  of  methylene  blue  and  mer- 
curic chloride  given  separately  cannot  be  said  to  have  had  any  beneficial  effect 
even  in  the  animals  inoculated  with  a  strain  of  human  tubercle  bacilli  of 
extremely  low  virulence. 

(b)  Double  salt  of  iod  methylene  and  mercuric  chloride.  lod  methylene 
blue  was  made  by  my  chemical  assistant  and  was  found  to  inhibit  growth 
of  tubercle  bacilli  in  dilutions  of  1 :  5,000,  just  as  did  methylene  blue  itself.    It 
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is  probably  the  same  compound  recommended  by  von  Linden.  The  double  salt 
was  made  by  adding  a  solution  of  mercuric  chloride  to  a  solution  of  iod- 
methylene  blue  and  washing  the  precipitate  thus  formed.  It  contains  24%% 
of  mercury  and  its  inhibiting  power  was  a  little  less  than  that  of  the  double 
salt  of  methylene  blue  and  mercury,  since  there  was  slight  growth  in  the  tubes 
containing  the  dye  in  a  dilution  of  1 :  20,000,  about  corresponding  to  the  growth 
in  the  tubes  containing  dilutions  of  1 :  50,000  of  methylene  blue  and  mercuric 
chloride.  Six  guinea-pigs  were  inoculated  with  0.2  c  c  of  a  dilute  suspension 
of  "Old  Human"  strain  of  tubercle  bacilli  and  then  fed  the  dye  daily  in  1  mg. 
doses  and  injected  once  a  week  subcutaneously  during  the  first  month.  They 
lived  81,  142,  143,  165,  204  and  453  days,  an  average  of  198  days,  and  had 
received  89,  156,  157,  178,  224  and  509  mg.  of  the  dye,  or  an  average  of  219  mg. 
per  animal.  All  the  animals  of  this  set  exhibited  extensive  tuberculosis.  The 
controls  lived  122.  147,  176,  197,  215  and  238  days,  or  an  average  of  182.5  days. 
The  average  duration  of  life  of  the  controls  was  less  than  that  of  the  treated 
animals,  but  that  was  due  to  the  one  animal  of  the  treated  set  which  lived 
more  than  twice  as  long  as  any  of  the  others  and  almost  twice  as  long  as 
the  last  of  the  controls  to  die.  The  extent  of  the  disease  in  the  controls  was 
about  the  same  as  in  the  treated  animals,  so  that  the  double  salt  of  iod 
methylene  blue  and  mercuric  chloride  seems  to  have  had  in  this  experiment 
no  beneficial  action,  although  the  strain  with  which  the  animals  were  inocu- 
lated was  one  of  fairly  low  virulence.  This  may  partly  confirm  a  statement 
made  by  Lenard  ^^  that  iodin  prevents  the  deposition  of  the  mercury  in  the 
liver,  which  is  said  by  Blumenthal  and  Oppenheim  '°  to  have  something  to  do 
with  the  therapeutic  power. 

(c)  Double  salt  of  methylene  green  and  mercuric  chloride.  Methylene 
green  has  one  nitro  group  in  the  methylene  blue  molecule.  The  dye  itself 
has  not  in  my  experiments  shown  itself  equal  to  the  methylene  blue  in  inhibi- 
tory, bactericidal  or  therapeutic  power.  The  mercury  preparation  has  been 
made  by  my  assistants  by  the  same  method  as  the  other  double  salts.  It  is 
quite  insoluble.  Six  guinea-pigs  inoculated  with  0.2  c  c  of  a  dilute  suspension 
of  "Old  Human"  strain  were  fed  daily  and  received  several  injections.  Four 
of  the  6  died  within  the  first  month,  the  other  2  living  201  and  238  days  and 
showing  extensive  and  advanced  tuberculosis.  Therefore  another  set  was 
inoculated  in  the  same  way  and  received  no  injections,  but  simply  daily  feed- 
ings. These  lived  Th,  199,  220,  226  and  378  days,  an  average  of  219  days. 
They  had  received  114,  398,  413,  450  and  648  mg.,  or  an  average  of  405  mg. 
of  the  double  salt.  The  first  of  these  animals  that  died  showed  no  tuberculosis 
except  a  small  gland  and  a  few  tubercles  in  the  spleen.  The  third  also  showed 
but  a  slight  degree  of  tuberculosis.  The  second  and  fourth  had  a  moderately 
advanced  tuberculosis  and  the  last  exhibited  signs  of  healed  and  healing 
tubercles,  as  the  groins  contained  small  calcified  granules  and  in  the  lungs 
and  liver  the  tubercles  were  hard  and  fibrous.  The  controls  of  this  set  lived 
126,  170,  182.  187,  192  and  205  days,  or  an  average  of  177  days.  All  the  con- 
trols showed  extensive,  advanced  tuberculosis.  If  we  consider  in  this  experi- 
ment the  consistently  longer  life  of  the  treated  animals,  the  less  extent 
of  the  disease,  and  the  tendenc'y  to  healing  shown  in  the  guinea-pig  that  lived 
longest,   we  may  conclude  that   the   double   salt  of  methylene  green   and   mer- 

'»  Zt?«chr.  f.  Chctnothcrapic.   1914.  2,  p.   106. 
»'  Biochcm.   Ztschr.,   1914,  65,  p.   460. 
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curie  chloride,  as  well  as  that  of  methylene  blue  and  mercuric  chloride,  shows 
some  beneficial  influence  on  tuberculosis  caused  by  a  strain  of  tubercle  bacilli 
of  relatively  low  virulence.  The  strain  of  high  virulence  was  not  tested  with 
this  compound. 

(d)  Diazo  amino  methylene  blue  ortho  toluidin  dimercuric  acetate  was 
made  for  me  by  my  chemical  assistant,  Doctor  Kharasch.  The  method  of 
making  this  compound  and  the  two  following  ones  will  be  reported  by  him 
later.  The  chemical  formula  for  it  is  given  in  table  1 ;  it  contains  41.3%  of 
mercury,  and  is  quite  insoluble.  Its  inhibitory  and  germicidal  power  have  not 
yet  been  determined.  Seven  guinea-pigs  were  inoculated  subcutaneously,  each 
with  0.05  mg.  of  the  virulent  strain  1305.  They  were  fed  daily  and  received 
one  subcutaneous  injection.  They  lived  8,  Z2,  100,  106,  137,  140  and  148  days, 
an  average  of  96  days,  and  received  7,  29,  87,  92,  119,  121  and  128  mg.  of 
the  compound.  All  except  the  2  that  died  after  8  and  32  days'  showed  a  high 
degree  of  advanced  generalized  tuberculosis.  The  controls  of  this  set  lived 
51,  83,  83.  94,  127  and  143  days,  or  an  average  of  97  days,  and  all  showed 
marked  and  extensive  tuberculosis  of  lymph  glands,  spleen,  liver  and  lungs. 
This  experiment,  therefore,  would  not  indicate  that  this  compound  of  methylene 
blue  has  any  beneficial  action  on  this  virulent  tuberculous  infection. 

(e)  Diazo  amino  methylene  blue  brom  hydrate  ortho  toluidene  di  mercuric 
acetate.  The  formula  for  this  is  given  in  table  1,  and  it  contains  39.5%  of 
mercury.  It  is  insoluble.  Nine  guinea-pigs  were  inoculated  subcutaneously 
with  0.05  mg.  of  strain  1305  and  then  given  one  injection  of  the  compound 
suspended  in  oil  and  a  daily  feeding  of  1  mg.  They  lived  8,  23,  32,  76,  81  95, 
129,  133  and  170  days,  or  an  average  of  92  days,  if  we  omit  the  accidental 
death  at  8  days.  They  had  received  10,  21,  64,  69,  81,  131,  125  and  145  mg,, 
or  an  average  of  78  mg,  per  animal.  All  except  the  3  animals  dying  after 
8.  2Z,  and  Z2  days,  had  a  pronounced  general  tuberculosis.  Hence  this  com- 
pound, like  the  same  compound  without  the  brom  hydrate,  has  no  beneficial 
influence  in  this  virulent  infection. 

(f)  Diazo  amino  methylene  blue  ortho  phenol  mercuric  chloride  contains 
29.7%  of  mercury.  Ten  guinea-pigs  were  inoculated  with  0.05  mg.  of  strain 
1305  and  were  then  fed  daily  1  mg.  and  received  one  injection  of  the  compound 
suspended  in  oil.  These  lived  11,  16,  18,  48,  72,  126,  144,  154.  171  and  174 
days  or  an  average  of  127  days,  after  omitting  the  first  two.  They  received 
14,  19,  21,  35,  55,  101,  117,  125,  126  and  129  mg.  of  the  compound,  an  average 
of  74.2  mg.  The  first  2  died  from  septic  abortion  and  the  third  from  acute 
pneumonia.  Four  of  the  others  showed  generalized  tuberculosis  of  moderate 
degree,  while  the  other  3,  which  were  the  last  to  die,  exhibited  a  slight  degree 
of  tuberculosis,  a  few  small  tubercles  in  one  of  the  organs  or  perhaps  only 
an  enlarged  gland.  The  controls  of  e  and  f  lived  62,  125,  125,  128  and  138  days, 
or  an  average  of  115  days,  and  all  showed  advanced  generalized  tuberculosis. 

Concerning  the  3  diazo  compounds  of  methylene  blue  and  mercury  just 
described,  but  little  can  be  said.  A  number  of  the  treated  animals  died  early, 
suggesting  a  toxic  and  weakening  action  of  the  drug.  With  the  2  o-toluidin 
compounds  d  and  e,  there  was  no  difference  between  the  treated  and  untreated 
animals  either  in  length  of  life  or  in  extent  of  the  disease.  The  animals  treated 
with  the  o-phenol  compound  f  lived  slightly  longer  and  had  less  tuberculous 
involvement  than  the  Controls,  although  they  were  inoculated  with  the  virulent 
strain  1305. 
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The  results  of  the  chemotherapeutic  experiments  with  these  24 
mercuric  compounds  have  heen  described  as  briefly  as  possible  in  the 
foregoing  i)ages.  But,  in  order  to  compare  these  results,  a  brief  sum- 
mary is  given  in  table  3.  It  will  be  seen  from  this  table  that,  as  com- 
pared with  the  untreated  controls  that  had  been  inoculated  with  the 
same  dose  of  the  same  strain  of  tubercle  bacilli,  several  showed  a  greater 
duration  of  life  and  less  extent  of  disease.  In  nearly  all  of  these. 
the  infection  was  due  to  a  strain  of  lower  virulence,  and  when  the  same 
drug  was  tested  w'ith  a  strain  of  high  virulence  no  effect  was  noticed. 

TABLE     .? 
Summary     ok     Kksults 


Mercury    Conipounci.' 


Mercurous   chloride    

Mercury    sulplio    cyanide 

Mercury    potassium    cyanide 

Allyl    alcohol    mercuric    acetate 

Mercuric    succinimido    

Mercuric    salicylate    

Mercuro-iodo-hemol     

Mereurol     ( Merck )    

Mercury    phenolphthaiein    

Mercury    tetraiod     phenolphthaiein 

Fluorescein    and    mercuric    chloride 

Trypan   blue    mercurous   chloride 

Trypan    blue    mercuric    chloride 

4-ortho-oxybenzylidene    amino    phenyl    para    mercuric 

acetate    

l-amino-2(p-naphthalin    azo   phenyl   mercuric   acetate) 

5-sulphonic    i\cU  1    

Methylene  blue  :.nd   mercuric  chloride 


lod  methylene   blue   and   merciuic  chloride 

Methylene   grern    and    mercuric   chloride 

Diazo-amino      methylene      blue      o-toluidin      mercuric 

acetate     

Diazo  amino  iiM'thyleiM'  blue  from  hydrate  o-toliudin 

mercuric    acetati*    

DIazo      amino      mrtliyh'ne      blue     o-plienol      intrcuric 

chloride     


Strain 

of 

Tubercle 

Bacilli 


O.  H. 

O.  H. 

O.  H. 

130."-) 

O.  H. 

M. 

O.  H. 

O.  H. 

O.  H. 

O.  H. 

O.  H. 

O.  H. 

O.  H. 

O.  H 

O.  H. 
O.  H. 

i:50."> 

(>.  H. 
O.   H. 


Length  of  Extent  of 

Life  Disease 

Compared  ("omparcfl 

With  With 

Controls  (dntrols 


Greater 

Slightly  less 

SI.  greater 

Same 

Greater 

Less 

Sligiitlv  less 

Less 

Greater 

Same 

Less 

Same 

Same 

.Less 

Less 

Mucii  greater 

Same 

Sume 

(ireatcr 


Same 

Less 

Same 

Same 

Less 

Same 

Same 

Slightly  !< 

Samr 

Same 

Same 

Same 

Same 

Same 

Le^s 

Mucli  1.  ss 
Sameor  it 
S;in:e 
I.es- 


i;:!li.'>  Sam<'  S;mii' 

V.'A)n  Same  Same 

130.'>  Grrattr  ..e>s 


Only  with  one  set  of  animals  treated  with  the  double  sail  of  melhylcne 
blue  and  mercuric  chloride  and  with  a  set  treated  wilh  diazo  amino 
methylene  blue  o-i)henol  mercuric  chloride  has  llure  been  a  similar 
beneficial  effect  on  animals  inoculated  with  a  \irulent  strain,  and  wiili 
none  of  these  drugs  has  the  effect  been  sufficient  so  that  we  could  s])eak 
of  having  really  cured  the  disease.  As  is  well  known,  the  guinea- 
pig  is  far  more  susceptible  to  tuberculosis  than  is  the  huiuan  being 
and  responds  to  infection  with  a  more  ra])idl\  progressixc  and  fatal 
disease  than  does  man.      Hence  a  treatment   that    would  cure  a  tuber- 
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culous  guinea-pig  would  pre>unial>ly  cure  man  more  easily.  A  drug 
that  has  a  decidedly  beneficial  effect  in  the  guinea-pig  would  probably 
have  a  much  greater  effect  in  man.  It  may  well  be  that  the  disease 
caused  in  guinea-pigs  by  a  less  virulent  strain  like  the  one  described 
in  this  paper  as  the  "Old  Human"  resembles  far  more  nearly  the 
disease  in  man  than  does  the  infection  with  the  virulent  strains  (Miller's 
or  1305).  However  that  may  be,  slight  as  seem  the  results  reported 
in  this  paper,  they  seem  sufficient  to  justify  future  work  with  mercurial 
compounds  in  the  chemotherapy  of  experimental  tuberculosis.  Such 
work  with  many  new  organic  compounds  of  mercury  is  already  under 
way  and  will  be  reported  at  intervals,  as  results  are  obtained  that  seem 
worthy  of  presentation. 
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The  principles  underlying  the  mercurization  of  aromatic  compounds 
have  occupied  the  attention  of  one  of  us  (Kh.)  for  the  past  two  years. 
The  important  fact  that,  in  a  mono-substituted  benzene  derivative,  the 
mercury  enters  para  or  ortho  to  the  group  already  present  in  the  molecule, 
was  pointed  out  early  by  Dimroth,^  and  has  been  substantiated  by  the 
vast  amount  of  experimental  work  done  by  others.  This  fact  of  ortho 
and  para  substitution  is  particularly  striking  when  one  attempts  to  apply 
the  theories  of  substitution  to  mercurization  since  mercury  never  enters 
meta  to  the  group  already  present  in  the  molecule.  Even  where  the 
usual  rules  of  substitution  require  that  a  meta  derivative  be  formed, 
e.  g.,  with  benzoic  acid,  benzophenone,  and  nitrobenzene,  only  ortho  sub- 
stituted mercury  compounds  have  been  isolated. 

The  phenomenon  of  mercurization  was  considered  by  Dimroth  to  be 
similar  to  that  of  nitration,  sulfonation,  etc.,  in  the  sense  that  the  po- 
sition taken  by  the  entering  mercury  in  compounds  containing  groups  now 
considered  electro-negative,  e.  g.,  amino  or  hydroxy  1  groups,  was  quite 
in  agreement  with  the  rule  of  Crum  Brown  and  Gibson.  He  considered 
the  exceptional  behavior  of  nitrobenzene,  benzoic  acid,  and  benzophenone 
as  anomalous  reactions  which  needed  to  be  accounted  for.  However, 
until  recently,  no  effort  has  been  made  to  explain  the  orientation  of  mer- 
cury in  the  benzene  molecule.^  The  rule  of  Crum  Brown  and  Gibson, 
being  purely  empirical,  offers  no  suggestion  as  to  the  mechanism  of  the 
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»  The  material  presented  here  is  used  by  I.  Jacobsohn  in  his  dissertation  presented 
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strong for  substitution  in  aromatic  amines  to  mercurization,  the  limitations  of  which 
theory  will  be  pointed  out  later. 
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reaction,  nor  does  it  help  to  predict  whether  a  compound  could  be  mercur- 
ized  or  not.  Therefore,  it  appeared  desirable  to  apply  some  of  the  mod- 
em theories  of  substitution  to  the  orientation  of  mercur}-  in  the  benzene 
molecule. 

In  the  present  paper,  the  authors  will  confine  themselves  to  the  mechan- 
ism of  mercurization  of  aromatic  amines  and  also  attempt  to  show  that  the 
mechanism  suggested  for  mercurization  may  be  extended  to  explain  sat- 
isfactorily orientation  of  other  groups  in  the  case  of  aromatic  amines. 
It  will  be  shown  further,  in  a  condensed  critical  survey  of  the  theories  of 
others,  that  none  of  these  is  completely  satisfactory.  For  example, 
most  of  them  fail  to  account  for  the  fact  that  dimethylaniline  is  mercur- 
ized    readily. 

The  theory  which  the  present  authors  have  been  led  to  adopt  as  a  result 
of  their  extended  experimental  work,  briefly  stated,  is  as  follows.  The 
mercurization  of  an  aromatic  amine  proceeds  in  two  stages :  first,  the  for- 
mation of  an  ammonium  salt  with  the  mercuric  acetate  or  chloride  to  give 
a  compound  of  the  general  type  I. 

Ri  R, 


N— R2  XHg— <  >— N 

l\ 
I  X     HgX  II  R, 

This  compound  is  then  rearranged  to  the  more  stable  configuration  hav- 
ing the  mercury  radical  attached  to  carbon,  (Type  II),  the  para  position 
being  usually  favored.^  If  this  position  is  already  occupied,  the  mer- 
cury goes  to  the  ortho  position.  Furthermore,  it  is  only  the  ammonium 
salt  that  undergoes  rearrangment,^  the  instability  of  the  salt  being  due 
to  the  presence  of  an  electropositive  group  or  atom  on  the  amino  nitrogen.^ 
This,  it  will  be  noted,  is  the  application  to  mercurization  of  the  theories 
of  substitution  of  Armstrong,^  Bamberger,'-*  Chattaway'"  and  others,  and 
'  The  fact  of  rearrangement  may  be  due  to  a  smaller  energy  conleiil  0.1  the  i)art 
of  the  rearranged  compound.  This  relationship  was  shown  to  hold  l)y  Rother  and 
Stoermer  (Ber.,  46,  2(50  (\\)i:i))  for  a  number  of  compounds,  c.  t;..  cinnaniic  acid  and  the 
isomeric  allocinnamic  acid. 

•  Acree  and  Johnson.  Am.  Chem.  J.,  38,  2i\'^  (\\)()')),  have  dcinonstratcd  that. 
in  the  rearrangement  of  N-chloro-acetanilide.  it  is  the  salt  and  not  the  free  base  that 
rearranges.  They  fail,  however,  to  attach  any  inii)()rtance  to  the  positive  charge  on 
the  rearranging  grouj).  a  fact  which  has  already  been  i)()iiiti(i  out  by  Sticglit/  and 
Stagner,  This  Joi'knal,  38,  2()'u  (191()). 

•  Acree  and  Johnson,  Am.  Chem.  J.,38,2(jr)  (lUOo),  have  sliowii  that,  wluii  X-cliloro 
acetanilide  is  treated  with  hydrogen  bromide,  the  speed  of  the  rearrangement  is  a 
thousand  times  greater  than  when  hydrogen  chloride  is  used,  .uul  that  the  end  i)rod- 
uct    of   the   rearrangement    is   />-bromo-acetanilide.    instiad    of    /'chloro  acetanilide. 

"  Armstrong,  ./.  Chem.  Soc,  51,  2r>,S,  ')K\  ( ISST). 

'  Bamberger,  Ber..  27,  .")«(>  ( 1S94). 

'"  Chattaway,  ./.  Chem.  Sne.,  75,  1048  (bS'.Ml). 
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of  the  general  theory  of  catalysis  advanced  by  Stieglitz,^^  Acree^^  and  others 
that  acid  catalysts  act  through  salt  formation.^*  However,  the  theory  ad- 
vanced by  the  present  authors  diverges  from  that  of  Armstrong,  Bamberger, 
and  Chattaway,  and  also  from  recent  theory  of  mercurization  of  Schoeller, 
Schrauth  and  Liese*  in  a  few  very  important  aspects.  The  theories 
advanced  by  the  above  mentioned  authors  assume  that  the  entrance  of  a 
group  into  the  nucleus  of  an  aromatic  amine  is  always  preceded  by  sub- 
stitution on  the  amino  nitrogen,  thus, 

-NH,  +  HONO,     — >     <>-N-NOj. 


o 


However,  as  an  explanation,  this  is  not  adequate  to  account  for  the  mech- 
anism of  substitution  of  tertiary  amines,  of  the  type  of  dimethyl  aniline 
which  contains  no  replaceable  hydrogen.  Furthermore,  they  do  not  em- 
phasize the  nature  and  importance  of  the  catalysts  used  in  substitution, 
i.  e.,  strong  acids.  That  the  r61e  played  by  acid  catalysts  is  that  of  salt 
formation  has  been  pointed  out  very  clearly  by  Stieglitz^^  in  his  work  on 
the  catalysis  of  imido-esters,  as  well  as  by  Acree.^^ 

We  find  thus,  that  the  previous  hypotheses  have  to  be  modified,  if 
they  are  to  explain  consistently  all  the  facts  of  substitution  without  fur- 
ther assumptions.  The  hypothesis  advanced  by  the  writers  to  explain 
the  mercurization  of  aromatic  amines  lends  itself  admirably  to  this  pur- 
pose. We  shall  now  proceed  to  illustrate  as  briefly  as  possible  the  basis 
for  this  hypothesis  and  then  show  that  it  is  quite  compatible  with  the  ortho 
and  para  orientation  of  other  groups  in  the  case  of  aromatic  amines. 

That  mercury  has  a  great  affinity  for  amino  nitrogen  and  for  carbon 
is  best  illustrated  by  the  readiness  with  which  the  mercury-ammonium 
complexes  are  formed,  and  by  the  great  stability  of  mercury-carbon  com- 
pounds.^'' It  is  the  combination  of  this  property  of  mercury  to  form  stable 
nitrogen  and  carbon  compounds,  and  the  relatively  greater  stability  of 
the  latter,  which  enables  us  to  attach  mercury  to  the  carbon  of  the  benzene 
ring  in   the   case   of  aromatic  amines. 

Within  the  scope  of  a  series  of  investigations  being  carried  out  by  the 
one  of  us,  work  was  undertaken  upon  the  mercurization  of  the  N-alkylated 

"  Stieglitz,  Proc.  Congress  of  Aris  and  Set.  (St.Louis),  IV,  278(1904);  Am.  Chem. 
J.,  3Q,  29  (1908). 

'*  Acree,  ibid.,  37,  410  (1907). 

*'  In  this  connection,  the  work  of  Reilly  and  Hickinbotham  (J.  Chem.  Soc,  117, 
103  (1919))  on  the  rearrangement  of  n-butylaniline  is  quite  significant.  They  found  that 
only  those  salts  which  are  capable  of  combining  with  the  amino  group  effected  the  re- 
arrangement. 

**  The  stability  of  the  mercury-carbon  union  is  a  relative  term.  It  depends  to 
a  large  extent  upon  the  position  of  the  mercury  in  the  molecule  and  upon  the  nature 
of  the  neighboring  groups.  This  will  be  discussed  in  a  later  paper.  See  also  Stieglitz, 
Kharasch,  and  Hanke,  This  Journal,  43,  1186  (1921). 
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nitro-anilines.  It  was  found  that  mercurization  does  not  take  place 
when  /j-nitro-dimethylanihne  is  treated  with  mercuric  acetate  in  alco- 
holic solution.  Though  various  experimental  conditions  were  tried,  the 
efforts  were  futile.  It  seemed,  however,  in  view  of  the  results  of  an  in- 
vestigation carried  out  with  other  nitro-anilines,^^  that  mercurization 
should  take  place  unless  there  was  some  property  of  the  mercurizable 
nitro-anilines  which  was  not  shared  by  the  /)-nitro-dimethylaniline. 
Reference  to  the  literature  at  once  revealed  the  fact  that  p-nitro-dimethyl- 
aniline  is  an  extraordinarily  weak  base.  It  is  precipitated  from  even  cone, 
hydrochloric  acid  solution  as  the  free  base  instead  of  its  hydrochloride, 
and  it  docs  not  combine  with  chloroplatinic  acid.^^  Further  reference  to 
the  literature  showed  that  its  ortho  and  meta  isomers  form  salts  more  read- 
ily. An  investigation  of  the  reactions  of  these  isomers  with  mercuric 
acetate  showed  not  only  that  the  reactions  are  completed  within  a  very 
short  time  but  at  a  comparatively  low  temperature.  An  attempt  was  then 
made  to  mercurize  ^-nitro-diethylaniline.  This  met  with  the  same  fail- 
ure as  that  of  the  corresponding  dimethyl  derivative.  That  this  failure 
to  mercurize  is  not  due  simply  to  the  fact  that  the  para  position  is  occu- 
pied was  then  demonstrated  by  the  fact  that  ^-nitro-monomethyl-  and 
/?-nitro-mono-ethylanilines  are  mercurized  without  difficulty,  the  mercury 
being  oriented  to  the  position  ortho  to  the  amino  group. 

These  facts,  taken  in  conjunction  with  the  intermediates  already"  iso- 
lated^' and  those  obtained  by  Schoeller,  Schrauth  and  Liese,^  the  complex 
salts  of  aromatic  amines  isolated  by  Klein '^  and  the  known  general  fact  of 
the  great  affinity  of  mercury  for  an  amino  nitrogen,  led  us  to  adopt  the 
hypothesis  that  mercurization  proceeds  first  by  the  addition  of  the  mercury 
salt  to  the  amino  group,  i.  e.,  to  form  an  ammonium  salt.  This  ammonium 
salt  then  rearranges  to  a  compound  in  which  the  mercuric  radical  is  attached 
to  carbon.^ 

From  this  theory  of  the  mechanism  of  mercurization,  one  of  the  most 
logical  deductions  to  be  made  is  that,  of  the  aromatic  amines  only  those- 
which  are  capable  of  forming  salts  will  mercurize.  Among  other  tests,  one 
to  which  this  deduction  has  been  put  was  an  attempt  to  mercurize  tri- 
methyl-phenyl-ammonium  acetate,  a  compound  in  which  the  formation 
of  a  double  salt  with  the  mercuric  acetate  used  is  impossible.     This  com- 

"  Unpublished  work  of  Kharasch,  Lommen,  and  Jacobsohn. 

'•  We  found,  however,  that  a  hydrochloride  of  p-nitro-dimethylaniline  could   be 
prepared  by  passing  dry  hydrogen  chloride  into  a  benzene  solution  of  the  base. 

*'  Kharasch,  Lommen,  and  Jacobsohn  (unpublished  work)  have  isolated  the  com- 
pound, ^  «. [        J  ^    *    '    *  by  treating  an    alcoholic    solution    of    m-nitro- 

\/      '  OiCH, 
aniline  with   an   aqueous  solution   of  mercuric  acetate. 

'»  Klein,  Ber.,  11.  743(1878). 
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pound  was  not  mercurized  although  a  water  suspension  of  dimethyl- 
anihne  mercurizes  within  one  or  two  minutes,  with  great  evolution  of  heat. 

The  theory  here  advanced  as  to  the  mechanism  of  mercurization  of  aro- 
matic amines  adapts  itself  as  already  stated,  quite  readily  to  the  expla- 
nation of  the  orientation  of  other  groups  upon  substitution  in  the  nucleus 
of  aromatic  amines.'^  Not  only  does  it  explain  satisfactorily  the  cases  of 
ortho  and  para  substitution  but,  as  will  be  shown  later,  it  explains  also  the 
fact  that  a  mixture  of  all  three  isomers  is  obtained  when  an  aromatic  amine 
is  nitrated  in  cone,  sulfuric  acid  solution,  as  well  as  the  more  recent  ob- 
servations of  Vorlander^^  that,  upon  bromination  and  nitration,  the  quater- 
nary ammonium  salts  yield  only  the  meta  derivative. 

To  explain  these  cases  of  meta  substitution,  Vorlander  advances  a  the- 
ory of  the  benzene  nucleus  in  which  he  assumes  that  the  hydrogen  atoms 
in  the  benzene  molecule  have  positive  tensions, ^^  and  that  it  is  the  tension 
within  the  nucleus  which  determines  the  position  taken  by  the  entering 
substituent.  He  assumes,  further,  that  the  nature  of  the  tension  on  the 
group  already  substituted  in  the  molecule  exerts  an  influence  on  the  arrange- 
ment of  the  tensions  within  the  nucleus.  Thus  for  nitrobenzene  he  as- 
sumes Structure  I. 

IE 

while,  for  aniline,  Structure  II  is  assumed.  Further,  substitution  takes 
place  by  absorption  with  the  subsequent  loss  of  a  molecule  of  acid  or  water^^ 
thus: 


•'  It  is  self-evident  that  this  theory  is  applicable  also  to  such  rearrangements  as  those 
of  hydrazobenzene,  diazo-aminobenzene,  the  Fischer  and  Hepp,  etc.  It  is  to  be  noted 
that,  in  all  cases,  where  the  rearranging  compound  is  a  weak  base,  the  reaction  must  be 
carried  out  in  the  anhydrous  media  to  insure  salt  formation. 

2*'  Vorlander,  Ber.,  52B,  263  (1919). 

*'  In  order  to  avoid  committing  himself  to  any  theory  as  to  the  nature  of  valence, 
Vorlander  uses  the  term  "tension"  and  denotes  the  kind  of  tension  by  -|-  and  — .  While 
he  does  not  assume  that  they  are  electrical  in  nature,  the  properties  assigned  for  them 
are  such  that,  for  the  purpose  of  discussing  substitution,  there  is  little  distinction  to  be 
made. 

'2  It  is  rather  peculiar  that  Vorlander  does  not  take  into  account  the  fact  that  bro- 
mine is  Br"^  — Br~,  unless  by  an  error  in  print,  since  the  existence  of  positive  bromine 
has  been  proved  conclusively.  (W.  A.  Noyes,  This  Journal,  23,  460  (1901);  Stieg.- 
litz.  ibid.,  23,  796  (1901) ;  Walden,  Z.  physik.  Chem.,  43,  385  (1903). 
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Vorlander  makes  the  additional  postulate,  in  order  to  explain  the  cases 
of  meta  substitution  in  aromatic  amines,  that,  upon  salt  formation,  there 
is  a  change  in  the  tension  throughout  the  molecule,  e.  g.,  upon  treating 
aniline  with  sulfuric  acid,  the  following  change  is  assumed  to  take  place. 


-,H,.H,SO,    -^O'/^v^ 


Such  an  assumption  is  entirely  unwarranted.  Not  only  are  there  no  ex- 
perimental facts  upon  which  to  base  such  an  hypothesis,  but  the  assump- 
tion made  involves  an  upheaval  taking  place  within  the  molecule,  as  well 
as  a  change  of  tension  between  the  carbon  and  groups  attached  to  it. 
Such  a  supposition  as  a  change  of  tension  would  also  demand  that,  in  a 
compound  such  as  aniline  nitrate,  analogous  to  aniline  sulfate,  the  ten- 
sion on  the  nitrogen  bound  to  the  phenyl  group  must  be  positive. 


^""^                /CT/V, 

;::> 

I 

H       A/0^ 

This  compound  should  then,  according  to  the  views  of  Vorlander,  give  a 
meta  derivative  when  dropped  into  cone,  sulfuric  acid.  On  the  contrary, 
however,  it  gives  only  o-  and  /7-nitro  derivatives.-'^  Similarly,  the  ni- 
tration of  aromatic  quaternary  ammonium  compounds  demands,  accord- 
ing to  Vorlander,  that  the  tension  between  the  ammonium  nitrogen  and 
the  carbon  of  the  benzene  nucleus  be  positive  (II).  This  is  hardly  com- 
patible with  the  fact  that  a  water  solution  of  the  hydroxide  of  the  com- 
pound (II)  when  evaporated  gives  a  small  quantity  of  trinielhykunine 
and  m-nitrophenol.-'  This  theory  must,  therefore,  be  further  modified 
if  it  is  to  be  made  to  fit  all  the  facts  of  substitution  in  aromatic  amines. 
Similarly,  it  has  been  necessary  to  make  additional  ])()stukites  to  all  pre- 
vious theories  in  an  attempt  to  build  a  workable  theory  of  sul)stitution. 
Vet,  with  all  these  postulates,  none  of  the  older  theories  can  be  made  to 
fit  all  the  facts  of  substitution.  However,  no  new  })()stiilates  need  be  made 
to  the  theory  advanced  by  the  present  authors.  Once  it  is  assumed  that 
all  ortho  and  para  substitution  in  the  hvdrociuiiioid  nucleus  of  aromatic 
amines  takes  place  through  intermediate  salt  formation,  it  follows  that. 
when  such  salt  formation  is  impossible,  as  in  the  (juaternary  ammoniuni 
salts,  substitution  must  take  place  in  the  meta  j)()sitioii  or,  as  in  such  spe- 
cial cases  as  that  of  mercurization,  it  is  not  acconijilislied  at  all. 

2-^  BamherKcr.  her..  28,  4(K)  (1895). 

"  vStacdel  and  Bauer,  ihid.,  19,  19.S5)  (lS.S.-)i. 
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Not  only  does  the  theory  advanced  explain  the  case  of  meta  substitu- 
tion in  the  quaternary  ammonium  salts,  but  it  explains  also  the  fact  that 
a  mixture  of  all  three  isomers  is  obtained  upon  nitration  of  an  aromatic 
amine  in  cone,  sulfuric  acid  solution.  It  explains,  further,  the  fact  that 
tlie  yield  of  the  meta  derivative  increases  with  the  amount  of  sulfuric  acid 
used.  Here  it  will  be  seen  that  an  equilibrium  mixture  of  both  the  amine 
and  the  ammonium  salt  exists  in  such  a  solution.  Therefore,  in  such  a 
mixture  both  types  of  substitution,  that  dependent  upon  intermediate 
compound  formation,  giving  ortho  and  para  derivatives,  and  the  sub- 
stitution of  a  salt  yielding  a  meta  derivative,  are  found.  Again,  as  the 
volume  of  sulfuric  acid  is  increased,  the  equilibrium  will  be  shifted  to  form 
more  of  the  sulfate,  thus  increasing  the  yield  of  the  meta  derivative. 

Furthermore,  the  theory  here  advanced  also  offers  an  explanation  of 
certain  peculiar  facts  of  rearrangement.  For  example,  the  rearrange- 
ment of  /S-phenyl-hydroxylamine^^  in  alcoholic  solution  with  hydrogen 
chloride  as  catalyst,  gives  not  only  /?-amino  phenetole  but  also  ^-chloro- 
aniline,  the  more  strongly  electro  positive  chlorine  atom  rearranging. 
The  theory  advanced  predicts  that  N-substituted  aromatic  amines, 
when  treated  with  a  catalyst  capable  of  being  oxidized  by  the  group  al- 
ready substituted  in  the  molecule  will  yield  a  derivative  having  the  more 
strongly   electro  positive    group    in    the    para   position. 

It  will  be  seen,  therefore,  that  the  present  theory  explains  from  a  sin- 
gle standpoint  the  rearrangement  and  substitution  in  the  case  of  aromatic 
amines,  without  the  necessity  of  any  additional  postulates.  It  is  also 
far  more  adequate  for  the  explanation  of  these  facts  and  furnishes  a  more 
workable  hypothesis  than  any  of  the  other  theories  of  substitution. 

Experimental  Part. 
Method  used  for  Mercurization. 

The  method  used  for  the  preparation  of  the  compounds  herein  described 
is,  briefly,  as  follows.  One  mol  of  the  compound  to  be  mercurized  was 
dissolved  in  a  small  volume  of  alcohol  and  boiled  with  an  aqueous  solution 
containing  0.9  mol  of  mercuric  acetate,  until  a  test  portion  gave  no  black 
precipitate  of  mercuric  sulfide  when  treated  with  ammonium  sulfide. 
This  reaction  mixture  was  filtered  hot.  Upon  cooling,  the  acetate  of  the 
mercurized   compound   crystallized   from   the   solution. 

The  filtrate  from  the  above  was  treated  with  an  aqueous  solution  of 
sodium  chloride,  whereupon  the  chloride  of  the  mercury  compound  soon 
precipitated.  The  total  yield  of  mercurized  product  calculated  upon 
the  basis  of  the  mercuric  acetate  used,  was  almost  quantitative. 

An  Attempt  to  Mercurize  />-Nitro-dimethylaniline  and  />-Nitro-diethylaniline. — 
As  stated  in  the  theoretical  part,  several  attempts  were  made  to  mercurize  ^-nitro- 

»See,  however,  Stieglitz,  Am.  Chem.  J.,  46,  327  (1911 
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•dimethylaniline,  all  of  which  met  with  failure.  The  method  above  outlined  was  used, 
as  well  as  several  other  methods,  none  of  which  yielded  a  mercurized  product.  Similarly, 
attempts  to  mercurize  p-nitro-diethylaniline  were  without  success. 

o-Nitro-/>-Acetoxymercuri-dimethylaniline,  (C6H3(l)N(CH3)2(2)N02(4)Hg02C2H3.) 
— This  compound  was  prepared  from  o-nitro-dimethylaniline  and  mercuricacetate. 
The  reaction  was  completed  after  half  an  hour's  boiling.  The  reaction  mixture 
was  filtered  hot  in  order  to  remove  the  small  amount  of  mercurous  acetate  formed 
in  the  reaction.  It  was  then  cooled  and  the  precipitate  collected  on  a  filter.  The 
precipitate  was  then  washed  with  alcohol,  and  dried  to  constant  weight  in  vacuo  over 
sulfuric  acid. 

Analyses.  Subs.,  0.2759:  dry  N2,  16.20  cc.  (22°  and  741  mm.).  Subs.,  0.2604: 
HgS,  0.1427.  Calc.  for  CioHi204N2Hg;  N,  6.61;  Hg,  47.23.  Found:  N,  6.63; 
Hg.  47.26. 

The  compound  thus  obtained  is  bright  yellow;  m.  p.  160°.  It  is  crystalline,  and  is 
soluble   in   the   common   organic   solvents. 

o-Nitro-p-Chloromercuri-dimethylanilme.  (C6H3(l)N(CH3)(2)N02(4)HgCl.H20).— 
This  compound  was  washed  well  with  water  to  remove  sodium  chloride  and 
finally  with  alcohol,  and  dried  in  vacuo  over  sulfuric  acid  to  constant  weight. 

Analyses.  Subs.,  0.2635:  dry  N2.  15.60  cc.  (21.5°  and  741  mm.).  Subs.,  0.3233: 
AgCI,  0.1096.  Calc.  for  CgHnOsNaHgCl :  N,  6.69;  CI,  8.46.  Found.  N,  6.71; 
CI,  8.38. 

The  substance  is  red  and  amorphous.  It  is  soluble  in  acetone  and  in  boiling  alco- 
hol.    It  melts  at  185°,  with  decomposition. 

m-Nitro  -  p  -  Acetoxymercuri  -  dimethylaniline,  (C«Hj(l)N(CH3)2(3)N02(4)Hg02- 
CjHj), — This  preparation  was  obtained  upon  treating  rw-nitro-dimethylaniline  with 
mercuric  acetate.  A  half  hour's  boiling  was  sufficient  to  carry  the  reaction  to  com- 
pletion.    For  analysis,  the  compound  was  dried  to  constant  weight  over  sulfuric  acid. 

Analyses.  Subs.,  0.2924:  dry  N2,  17.05  cc.  (20°  and  734  mm.).  Subs.,  0.2940: 
HgS,  0.1610.  Calc.  for  CioHi204N2Hg:N,  6.61;  Hg,  47.23.  Found:  N,  6.56;  Hg, 
47.23. 

The  compound  is  obtained  in  the  form  of  brilliant  orange  needles.  It  is  soluble 
in  the  common  organic  solvents;  m.  p.   140°. 

m-Nitro  -  p  -  Chloromercuri-dimethylaniline,  (C6H3(l)N(CH3)2(3)N02(4)HgCl  ).— 
This  compound  was  obtained  from  the  filtrate  of  the  preceding  preparation. 

Analysts.  Subs.,  0.3438:  AgCl.  0.1237.  Calc.  for  C8H902N2HgCl:  CI.  8.84. 
Found:  8.90. 

The  compound  is  red  and  amorphous.  It  is  soluble  in  acetone  and  in  boiling  alco- 
hol.    It  melts  at  220°,  with  decomposition. 

p-Nitro-o-Acetoxymercuri-monomethylaniline,  (C«H3(l)NH.CH.,(4)N02(2)Hg02- 
CjHj). — This  comi)ound  was  prepared  from  p-nitro-methylaniline  and  mercuricacetate. 
The  product  obtained  was  extracted  with  ether  in  order  to  remove  unchanged  p-nxiro- 
mcthylaniline,  and  the  residue  was  recrystallized  from  alcohol.  A  dark  red  solid 
remained  which  was  insoluble  in  alcohol,  but  the  quantity  was  too  small  to  be  analyzed. 

Analyses.  Subs..  0.2585:  dry  N2,  15.6  cc.  (21°  and  736  mm.).  Subs.,  0.2981: 
HgS,  0.1073.  Calc.  for  C9H,oO«N2Hg:  N,  6.84;  Ilg,  48  82.  Found:  N.  6.79; 
Hg,  48.38. 

The  compound  forms  small  yellow  crystals  melting  at  197°  with  decomposition. 
It  is  soluble  in  acetone  and  in  hot  alcohol  to  which  a  few  drops  of  glacial  acetic  acid 
have  been  added.  When  treated  with  a  cone,  potassium  hydroxide  solution,  a  brick- 
red  compound  is  formed.     Upon  dilution,  the  compound  again  becomes  yellow. 
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/)-Nitro-o-Chloromercuri  -  monomethylaniline,  (C«H8(l)N.H.CH8(4)NOt(2)HgCI- 
HtO). — This  compound  is  obtained  from  the  filtrate  of  the  preceding  compound. 

Anaiysis.  Subs.,  0.2972:  AgCl,  0.1036.  Calc.  for  CTHgCNzHgCl:  CI,  8.75. 
Found:    8.62. 

The  compound  is  yellow  and  crystalline.  It  is  soluble  in  acetone  and  in  boiling 
alcohol.     It  melts  at  215*',  with  decomposition. 

The  position  of  the  mercury  in  this  compound  was  determined  by  the  method  of 
Dimroth.-'  The  acetate  was  treated  with  two  equivalents  of  a  solution  of  potassium 
perbromide.  The  product  was  then  extracted  with  ether  and  the  extract  purified  from 
alcohol;  m.  p.  112-113°.  When  mixed  with  4-nitro-2,6-dibromo-monomethylaniline, 
prepared  by  the  method  of  Blanksma,^'  the  melting  point  was  not  lowered.  The  use 
of  only  one  molecule  of  the  bromine  in  solution  yielded  no  definite  compound.  Since  the 
position  could  not  be  thus  in  dispute  the  dibromo  derivative  was  therefore  isolated. 

/>-Nitro-o-Acetox3rmercuri-mono-ethylaniline,  (C6H3(l)N.H.C2H5(4)N02(2)Hg.02- 
CjHs). — This  compound  was  prepared  from  />-nitro-mono-ethylaniline,  and  was  purified 
from  the  unchanged  raw  material  by  recrystallization  from  alcohol. 

Analyses.  Subs.,  0.2641:  dry  Nj,  15.7  cc.  (24.5°  and  731  mm.).  Subs.,  0.3480; 
HgS,  0.1912.  Calc,  for  C,oHi204N2Hg:  N,  6.61;  Hg,  47.23.  Found:  N,  6.56; 
Hg,  47.17. 

It  crystallizes  from  alcohol  in  small  yellow  crystals;  m.  p.  183°.  It  is  also  soluble 
in  acetone.  When  treated  with  cone,  potassium  hydroxide  solution,  a  brick-red 
compound  is  obtained.     Dilution  of  the  solution  restored  the  original  yellow  color. 

/>-Nitro-o-Chloromercuri-mono-ethylaniline,  (CfiH3(l)N.H.C2H5(4)N02(2)HgCl- 
HjO). — The  compound  was  prepared  in  the  usual  manner.  It  is  obtained  in  the  form 
of  an  amorphous  yellow  solid;  m.p.  218°,  with  decomposition.  For  analysis  it  was 
dried  to  constant  weight  over  sulfuric  acid. 

Analysis.  Subs.,  0.4544:  AgCl,  0.1573.  Calc.  for  CsHnOjNaHgCl:  CI,  8.46; 
Found:    8.56. 

It  is  soluble  in  acetone  and  in  hot  alcohol. 

The  position  of  the  mercury  in  this  compound  was  determined  by  the  method 
used  above  for  the  corresponding  methyl  derivative.  The  melting  point  of  the  4-nitro- 
2,6-dibromo-ethylaniline  thus  obtained  was  68-71°.  The  melting  point  was  not  low- 
ered when  a  mixture  of  the  compound  with  known  4-nitro-2,6-dibromo-ethylaniline 
was  used. 

p-Nitro-o-Bromo-mono-ethylaniline,  (C«Hs(l)N.H.C2H5Br(4)N02).— This  com- 
pound was  prepared  by  the  addition  of  a  solution  of  bromine  in  glacial  acetic  acid 
to  a  solution  of  an  equivalent  portion  of  p-nitro-mono-ethylaniline  in  the  same  solvent. 
After  standing  for  about  half  an  hour,  the  reaction  mixture  was  diluted  with  water, 
and  the  precipitated  compound  collected  on  a  filter.  It  was  washed  with  water  and 
a  little  alcohol.  After  crystallization  from  alcohol,  the  compound  was  dried  to  con- 
stant weight  in  vacuo.     Yield,  90%. 

Analysis.  Subs.,  0.2704:  dry  Na,  26.50  cc.  (17°  and  750  mm.).  Calc.  for 
CsHaOiNjBr:   N,  11.44.     Found:    11.39. 

The  compound  crystallized  from  alcohol  in  beautiful  long  yellow  prisms  which  are 
highly  refractive;  m.p.  65°  to  66°.  It  is  insoluble  in  water  but  soluble  in  all  common 
organic  solvents. 

When  an  alcoholic  solution  of  the  compound  is  treated  with  cone,  potassium  hy- 
droxide solution,  the  alcoholic  layer  assumes  a  red  color.  Upon  evaporation  of  the 
alcohol,  or  upon  dilution  with  water,  the  yellow  compound  is  again  obtained. 
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/>-Nitro-o-Dibromo-mono-ethylaniline,  (CeH-.d  )N.H.C2Ho(2,6)Br5(4)XOo).— This 
compound  was  prepared  in  the  same  manner  as  the  above  monobromo  derivative, 
in  this  case,  with  two  mols  of  bromine.  For  analysis  the  compound  was  crystalUzed 
from  alcohol.     Yield.  907c- 

Analysis.  Subs.,  0.2761 :  dry  N.,  21 .2  cc.  (21  °  and  744  mm. ).  Calc.  for  CsHsO.N,- 
Bro:    N,  8.68.     Found:    N,  8.74. 

This  compound  crystallized  from  alcohol  in  small  yellow  needles;  m.p.  75-76°. 
It  is  insoluble  in  water,  but  soluble  in  all  common  organic  solvents. 

Upon  treatment  with  a  cone,  potassium  hydroxide  solution,  an  alcoholic  solution 
of  the  compound  turns  red.  If  the  alcohol  is  evaporated,  or  the  solution  diluted 
with  water,  the  color  is  restored  to  the  original  yellow. 

An  Attempt  to  Mercurize  Trimethyl-phenyl-ammonium  Acetate. — A  solution  of 
0.5  mol  of  mercuric  acetate  was  added  to  a  solution  of  trimethyl-phenyl-ammonium 
acetate.  Even  after  standing  for  two  months  at  room  temperature,  no  mercurized 
product  could  be  isolated.  The  solution  gave  a  heavy  precipitate  of  mercuric  sulfide 
when  treated  with  hydrogen  sulfide. 

Upon  boiling  another  portion  of  the  solution  for  24  hours,  no  change  was  observed. 
A  heavy  precipitate  of  mercuric  sulfide  was  again  obtained  upon  treatment  with  hydro- 
gen sulfide. 

Summary. 

1.  A  theory  of  the  mercurization  of  aromatic  amines  has  been  advanced, 
postulating  that  mercurization  is  preceded  by  addition  of  a  mercuric  salt 
to  the  amino  nitrogen,  with  the  subsequent  rearrangement  of  the  mer- 
cury to  the  ortho  or  para  position.  This  theory,  without  any  additional 
postulates,  has  been  shown  to  apply  equally  well  to  the  introduction  of 
other  groups  in  the  benzene  nucleus  in  the  case  of  aromatic  amines. 

2.  This  theory  has  been  shown  to  apply  also  to  rearrangements  such  as 
that  of  Fischer  and  Hepp,  the  nitro-amines,  sulfamic  acids,  etc. 

3.  The  limitations  to  other  theories  of  substitution  have  been  pointed 
out. 

4.  The  preparation  of  mercury  derivatives  of  /^-nitro-methyhuiiline, 
p-nitro-ethylaniline,  o-nitro-dimethylaniline,  and  ;;e-nitro-dimetliylaniline, 
and  the  preparation  of  o-bromo  and  c>,o-dibromo-/7-nitro-ethylanilines 
have  been  described. 

Chicago,  III. 


AN    INVESTIGATION   ON   THE  ACID-FASTNESS 
OF  TUBERCLE  BACILLI  II  * 

By  Binzi  Suyenaga,  M.  D. 

Chicago 

In  the  previous  report  on  this  same  subject,  I  showed  that  rapid  trans- 
fer of  the  border  or  younger  portion  of  colonies  of  Kl,  a  saprophytic  non- 
virulent  strain  of  tubercle  bacilli,  did  not  materially  affect  its  acid- fast- 
ness. In  other  words,  I  was  unable  to  prove  by  this  method  that  younger 
cultures  are  much  less  acid-proof  than  older  ones.  I  also  changed  the 
metabolic  conditions  of  the  culture  by  using  different  reactions,  which 
had  no  marked  effect  on  the  acid-fastness,  and  by  non-nutrient  media  and 
the  amoebia  media  used  by  Wherry  both  of  which  greatly  reduce  the  acid- 
fastness  without  absolutely  destroying  it.  The  question  that  especially 
needs  answer  is  whether,  in  any  such  culture  as  Kl,  in  which  we  find 
many  acid-fast,  but  also  many  non-acid-fast  bacilli,  we  have  a  culture 
consisting  of  two  distinctly  different  strains  or  whether  the  bacilli  merely 
differ  from  each  other  as  a  result  of  age,  metabolic  conditions  or  de- 
generative changes.  If  we  have  two  distinct  strains,  one  may  be  a  muta- 
tion strain  or  the  two  may  be  foreign  to  each  other  and  live  together 
symbiotically. 

Two  possible  methods  suggested  themselves  which  might  separate  the 
non-acid-fast  from  the  acid-fast  strain,  if  the  two  existed  as  separate  and 
distinct  strains  in  the  saprophytic  culture  used  by  me.  Churchman  had 
suggested  that  gentian  violet  and  methylene  blue,  though  in  different 
degrees,  might  separate  from  each  other  Gram  positive  and  Gram  nega- 
tive strains  which  were  growing  together.  He  showed  that  the  Gram 
positive  strains  were  completely  inhibited  by  the  dyes.  It  was  my  hope 
that  the  same  dyes  might  separate  the  acid-fast  from  the  non-acid- fast 
strain  by  inhibiting  or  killing  one  of  them.  The  bactericidal  power  of 
these  dyes  was  tested  on  Kl  and  other  acid-fast  organisms,  such  as  avian 
and  frog  tubercle  bacilli  and  leprosy  bacillus  and  on  a  number  of  non- 
acid-fast  rapidly  growing  organisms  (B.  prodigiosus,  B.  subtilis,  1^.  coH 
and  staphylococcus  aureus).  The  amount  of  the  dye  necessary  to  make 
the  desired  dilution  was  added  to  a  broth  culture  which  was  then  incu- 
bated for  two  hours  and  kept  at  room  temperature  from  three  to  four 
hours.  A  definite  amount  was  then  transferred  to  plain  agar  slants- 
Neither  gentian  violet  nor  methylene  blue  had  any  bactericidal  action  ex- 
cept on  staphylococcus  aureus.  This  was  killed  by  i  to  10,000  gentian 
violet  and  mostly  by  i  to  5000  of  methylene  blue.  In  another  experiment 
B.  subtilis  was  killed  by  gentian  violet  in  a  dilution  of  i  to  1000  and  B. 
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coli  and  B.  prodigiosus  by  a  dilution  of  i  to  2cx>.  In  the  case  of  the  acid- 
fast  organisms  which,  after  exposure  to  the  dyes  were  inoculated  on 
glycerol  agar,  Kl  seemed  not  to  be  killed  by  any  dilution  used,  but  the 
avian  and  frog  tubercle  bacilli  were  killed  by  all  dilutions  used  of  both 
dyes,  the  highest  being  i  to  looo,  while  the  leprosy  bacillus  was  killed  by 
I  to  500  and  much  delayed  in  its  growth  by  i  to  1000.  A  concentration  of 
I  to  100,000  of  either  gentian  violet  or  methylene  blue  using  the  Church- 
man divided  plate  method  seemed  to  have  no  inhibitory  effect  on  the 
growth  of  any  of  the  organisms  on  plain  agar  except  B.  subtiHs  and 
staphylococcus  aureus,  while  i  to  1000  gentian  violet  completely  inhibited 
the  growth  of  Kl,  timothy  B.,  grass»B.,  mist  B.,  smegma  B.,  and  B.  sub- 
tiHs and  staphylococcus  aureus.  Methylene  blue  i  to  1000  completely  in- 
hibited the  growth  of  timothy  B.  and  B.  subtilis  and  delayed  the  growth 
of  Kl.  On  glycerol  agar,  the  results  are  somewhat  different.  Kl  shows 
no  inhibition  even  at  i  to  1000  of  either  dye,  while  avian  and  frog  bacilli 
are  inhibited  completely  by  i  to  100,000  of  gentian  violet  and  by  i  to  1000 
methylene  blue.  Leprosy  bacillus  is  completely  inhibited  by  i  to  10,000 
gentian  violet  and  by  i  to  1000  methylene  blue. 

It  was  found  on  the  divided  plates  that  frog  bacilli  and  avian  bacilli 
which  are  least  acid-fast  were  most  susceptible  to  the  action  of  the  dyes, 
that  they  grew  only  on  the  undyed  portion  and  their  growth  never  extended 
near  the  line  separating  the  dyed  and  undyed  portions,  while  Kl,  leprosy 
and  smegma  bacilli  grew  entirely  across  the  plate,  if  the  concentration  of 
the  dye  did  not  exceed  i  to  100,000.  In  order  to  determine  whether  the 
bactericidal  and  inhibitory  actjon  of  these  dyes  would  prove  a  feasible 
method  for  separating  acid-fast  from  non-acid-fast  organisms,  cultures  of 
Kl  after  exposure  to  gentian  violet  and  methylene  blue  were  stained  by  the 
Ziehl-Nielsen  method  and  it  was  found  that  acid-fast  and  non-acid-fast 
organisms  were  still  mixed. 

The  second  method  which  suggested  itself  for  separating  these  two  types 
of  bacteria,  which  should  succeed  if  they  represent  two  separate  and  dis- 
tinct strains,  is  the  method  used  by  Petroff  for  isolating  tubercle  bacilli 
from  other  organisms  which  may  occur  in  the  sputum.  Kl  culture  was 
exposed  for  from  ten  minutes  to  five  hours  to  sodium  hydroxide,  then 
neutralized  and  inoculated  on  Petroff's  tgg  media  and  on  glycerol  agar. 
Sodium  hydroxide,  1.5  per  cent,  killed  all  organisms  even  in  ten  minutes, 
so  that  no  growth  occurred.  Sodium  hydroxide,  0.5  per  cent,  did  not 
kill  all  in  one  hour  but  did  in  two  hours.  A  virulent  culture  was  also  ex- 
posed to  0.5  per  cent,  sodium  hydroxide.  No  growth  occurred  on  the 
glycerol  agar  slants  even  after  ten  minutes'  exposure,  but  there  was 
growth  on  all  the  Petroff  media  containing  i  to  10,000  gentian  violet,  even 
after  five  hours.  The  mixture  of  acid-fast  and  non-acid-fast  bacilli  in  the 
tubes,  in  which  growth  occurred  after  the  exposure  to  sodium  hydroxide, 
shows  that  these  two  types  of  bacilli  could  not  be  separated  by  this  method 
and  suggests  therefore  that  they  are  not  distinct  strains. 

If  this  is  true,  they  must  probably  be  phases  in  the  growth  of  the  tubercle 
bacillus.     Ehrlich,  Marmorek,  Klein  and  others  regarded  the  non-acid- 
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fast  forms  as  merely  the  youngest  phase  in  the  development  of  the  tubercle 
bacillus.  Many  have  thought  that  the  fatty  sheath  which  is  supposed  to 
contribute  to  the  acid-fastness  of  the  bacillus  develops  later.  By  increas- 
ing the  rapidity  of  the  growth  and  thus  developing  a  strain  which  should 
consist  only  of  young  bacilli  I  endeavored  without  success  in  my  earlier 
work  to  show  that  the  age  of  the  culture  had  much  to  do  with  its  staining 
qualities.  Metabolic  conditions  seem,  from  my  former  report,  to  affect 
markedly  the  acid-fastness  of  these  organisms,  since  media  of  low  nutri- 
tive value  greatly  diminished  their  acid-fastness.  Degenerative  condi- 
tions due  to  the  age  of  the  culture  and  the  consequently  lowered  nutri- 
tive value  of  the  media  may  be  a  possible  factor  in  increasing  the  number 
of  non-acid- fast  bacilli.  But  that  question  has  not  as  yet  been  in- 
vestigated. 

CONCLUSIONS 

1.  Since  it  has  not  proved  possible  by  the  methods  used  to  separate  an 
acid-fast  strain  from  a  non-acid-fast,  it  is  probable  that  we  have  here  no 
distinct  strains,  either  mutation  or  symbiotic. 

2.  Since  the  marginal  growth  of  Kl  seems  to  contain  more  non-acid- fast 
organisms  than  the  central  portion  and  since  some  non-acid-fast  or- 
ganisms occur  even  in  virulent  cultures,  it  seems  probable  that  the  younger 
bacilli  may  for  a  short  time  be  non-acid-fast.  The  question  whether  the 
non-acid  forms  may  be  degeneration  forms  has  not  been  investigated. 

3.  Gentian  violet  has  a  stronger  bactericidal  and  inhibitory  power  than 
methylene  blue  over  saprophytic  acid- fast  and  some  Gram  positive  and 
Gram  negative  organisms. 

4.  There  is  considerable  difference  between  the  bactericidal  and  the  in- 
hibitory power  of  these  antiseptic  dyes. 

5.  Of  the  acid-fast  bacilli,  the  less  acid-fast  seem  more  susceptible  to 
the  action  of  gentian  violet  and  methylene  blue. 
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•  A  METHOD  OF  FOLLOWING  REACTION  CHANGES 
IN  CULTURES  OF  ACID-FAST  BACTERIA 

ESIMOND  R.  LONG  and  AGATH.\  L.  MAJOR 

From  the  Department  of  Pathology  of  the  Universliy  of  Chicago  and  the  Otho  S.  A.  Spragiie 

Memorial  Institute 

In  that  graphic  expression  of  acid  and  alkaline  changes  taking  place 
in  the  culture  media  of  tubercle  bacilli  which  has  for  years  been  des- 
ignated as  the  Theobald  Smith  curve  (1),  we  are  furnished  with  highly 
suggestive  leads  on  the  metabolism  of  this  organism.  From  a  protein- 
glycerol  mixture  both  alkali  and  acid  are  produced  at  rates  more  or  less 
constant  for  a  given  strain.  The  chemistr^^  of  the  change  has  not  yet 
been  definitely  worked  out. 

As  orginally  developed,  the  method  of  preparing  the  curve  required 
large  numbers  of  duplicate  culture  flasks,  two  or  more  of  which  would 
be  taken  for  titration  each  week  and  then  discarded.  About  four 
months  were  required  for  the  complete  cycle.  The  method  was  thus 
long  and  tedious,  and  required  a  large  amount  of  incubator  space  for  a 
single  determination.  This  was  before  the  days  of  ready  determination 
of  reaction  by  estimation  of  hydrogen  ion  concentration 

A  few  years  ago  Frothingham  (2)  followed  the  reaction  change  in  a 
culture  of  a  human  t>^e  bacillus,  H37  of  the  Saranac  Laborator}^,  using 
the  potentiometer,  and  obtained  a  curve  comparable  to  the  one  usually 
obtained  by  the  old  titration  method,  with  a  range  of  reaction  which  may 
be  calculated  from  his  figures  as  pH  8.15  to  5.52.  A  little  later,  the 
same  author  (3)  studied  the  growth  of  tubercle  bacilli  on  media  to  which 
small  amounts  of  indicator  had  been  added.  Using  brom-cresol-purple, 
he  found  that  glycerol  broth  culture  media  of  human  type  bacilli  tended 
to  become  acid,  while  those  of  the  bovine  .type  remained  alkaline.  He 
concluded  that  brom-cresol-purple  and  litmus  may  be  useful  in  deter- 
mining H  ion  concentrations  of  culture  media  of  tubercle  bacilli  and  in 
distinguishing  human  and  bovine  types. 

Recently  Dcrnby  (4)  detcnnined  the  limits  of  growth  of  a  strain  of 
tubercle  bacillus  (horse)  as  pH  6.0  and  7.6,  and  the  optimum  concen- 
tration for  growth,  pH  6.8  to  7.2.     One  of  us  (5)  noted  initial  growth 
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between  pH  6.4  and  7.8  for  a  human  type  bacillus  with  no  apparent 
inhibiUon  at  5.4  or  7.8.  It  is  thus  able  to  carry  on  its  biological  activi- 
ties through  a  fairly  wide  range  of  reaction. 

We  submit,  herewith,  a  method  similar  to  the  one  used  by  Froth- 
ingham,  in  which  the  change  in  reaction  can  be  followed  with  a  high 
degree  of  accuracy'  between  the  limits  pH  6.4  and  8.4,  using  phenol- 
sulphone-phthalein,  which  passes  through  a  characteristic  series  of  color 
change  within  those  limits,  as  indicator.  Four  test  tubes  1  inch  wide, 
each  containing  10  cc.  of  glycerol-peptone  broth  or  any  other  liquid 
medium,  neutral  in  reaction  (pH  7.0),  plus  0.001  per  cent  phenol- 
sulphone-phthalcin,  are  inoculated  with  plaques  of  tubercle  bacilli, 
approximately  0.75  cm.  in  diameter,  sealed  with  tin  foil,  and  incubated 
at  37.5®C.  Once  a  week  the  tubes  are  taken  out  and  the  color  com- 
pared with  standards  of  known  reaction  containing  the  same  concentra- 
tion of  indicator.  We  use  the  Demby  and  Avery  (6)  comparator, 
placing  a  tube  of  broth  back  of  the  standard  when  we  are  determining 
broth  reactions,  to  compensate  for  the  color  of  the  medium.  Apparently, 
at  this  concentration  the  indicator  does  not  inhibit  the  growth  of  these 
organisms.  Care  must  of  course  be  taken  that  the  plaque  remains 
floating.  The  reactions  of  the  four  tubes  are  averaged  in  plotting  the 
curve. 

In  developing  the  method,  we  have  carried  out  a  large  number  of 
determinations  on  rapidly  growing  saprophytic  acid-fast  organisms  as 
well  as  tubercle  bacilli,  and  have  grown  these  orgarJsms  on  culture  media 
containing  a  single  amino  add  or  acid  amide  as  the  sole  source  of  both 
carbon  and  nitrogen,  from  which  they  must  build  the  entire  amount  of 
their  proteins,  lipoids  and  carbohydrates.  We  have  thus  obtained 
considerable  light  on  the  metabolism  of  this  group.  A  series  of  our 
reaction  curves  is  given  in  twelve  appended  charts.  The  saprophytes 
were  cultivated  for  about  one  week  and  tubercle  bacilli  for  two  months. 
By  the  method  it  is  aimed  to  save  time,  trouble  and  the  necessity  of 
running  large  numbers  of  bulky  cultures  for  a  single  curve. 

Three  strains  of  tubercle  bacUli  and  two  strains  of  grass  bacilli  and 
one  of  smegma  bacillus  were  studied.  One  of  the  grass  bacillus  strains 
is  called  "timothy  bacillus"  because  it  has  for  years  gone  under  that 
name  in  the  Saranac  Laboratory  stock,  to  which  it  was  originally  supplied 
by  Moeller.  It  differs  from  the  other  one  in  its  reaction  curve,  as  is 
seen  from  the  figures,  and  also  in  that  it  is  decidedly  chromogenic.  H37, 
and  Bl  are  old,  but  virulent,  cultures  of  human  and  bovine  type  tubercle 
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bacilli.  H104  is  a  highly  virulent  human  type  tubercle  bacillus  isolated 
from  sputum  in  June,  1920.  As  will  be  noted,  the  initial  reaction  varies 
a  little;  in  all  cases  the  intention  was  to  start  the  experiment  at  pH  7.0, 
but  occasionally  autocla\dng  changed  the  reaction  slightly,  and  the 
experiment  was  proceeded  with  at  the  new  reaction. 

SUMMARY  OF  RESULTS 

Saprophytes:  On  glycerol-peptone  broth  the  grass  bacillus  caused  a 
slight  acidity,  the  timothy  bacillus  a  distinct  alkalinity,  and  the  smegma 
bacillus  little  change,  in  spite  of  good  growth.  On  alanine  the  grass 
bacillus  caused  a  distinct  acidity,  the  timothy  bacillus  a  distinct  alka- 
linity, and  the  smegma  bacillus  Httle  change.  It  will  be  noted  that  the 
results  for  glycerol-peptone  broth  and  alanine  are  about  the  same.  This 
is  to  be  expected,  in  view  of  the  fact  that  peptone  consists  almost  entirely 
of  polymerized  amino  acids  like  alanine:  the  same  reaction  change 
would  result  in  both  from  a  given  cause.  The  glycerol,  highly  necessary 
as  it  is  for  tubercle  bacilli,  probably  plays  little  part  here,  as  these  or- 
ganisms thrive  on  peptone  alone.  On  propionamide,  which  differs  from 
alanine  in  the  location  of  its  amino  group,  all  organisms  caused  a  marked 
alkalinity. 

Tubercle  bacilli:  H37  on  glycerol  broth  g.ave  the  curve  generally  con- 
sidered to  be  characteristic  of  human  type  bacillus,  a  primary  alkalinity 
followed  by  a  progressive  acidity.  It  is  to  be  noted  that  the  change  in 
reaction  occurred  much  sooner  than  is  the  case  in  the  flask  titration 
method.  This  is  presumably  due  to  the  small  volume  used,  10  cc, 
which  would  respond  quickly  to  the  elaboration  of  small  amounts  of 
acid  and  alkali.  We  feel  that  this  rapidity  is  a  distinct  advantage  of  the 
method.  Bl  also  gave  the  curve  said  to  be  characteristic  for  the  bovine 
type  bacillus,  an  initially  increasing  alkaKnity,  which  later  decreased,  but 
not  to  the  point  of  neutrality.  H104  culture  became  alkaline  and  re- 
mained so  for  two  months.  No  change  was  to  be  noted  in  any  of  these 
cultures  after  that  time.  The  curve  of  PI104  was  thus  not  of  the  classic 
human  type.     It  is  simply  one  of  the  numerous  exceptions. 

The  chemistry  of  these  changes  will  not  be  gone  into  at  the  present 
time,  as  this  paper  is  of  the  nature  of  a  preliminary  report  on  method. 
We  are  concerned  now  with  simpHfying  okl  methods  and  establishing 
that  characteristic  curves  can  be  secured  on  simple  media  of  known  com- 
position with  some  organisms.     So  far,  characteristic  results  for  tubercle 
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bacilli  on  simple  media  have  not  been  secured.  Our  problem  is  to  modify 
such  media  enough  to  promote  good  growth  and  yet  not  enough  to  com- 
plicate chemical  interpretation.  It  is  the  chemistry  of  the  change  which 
we  wish  to  understand,  for  its  bearing  on  the  organism's  metabolism. 

This  mvestigation  was  aided  by  a  grant  from  the  National  Tuberculosis  Association; 
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An  able  investigator,  Dr.  Kendall,  once  defined  bacteria,  or  partially 
defined  them,  as  chemical  reagents.  The  characterization  is  by  no 
means  far  fetched,  as  we  see  when  we  stop  to  consider  the  multitude  of 
reactions  carried  out  sharply  and  completely  by  different  bacteria, 
reactions  duplicated  exactly  by  ordinary  analytical  methods  with  com- 
mon chemical  reagents  in  the  laboratory  Consider  the  phenomenon  of 
deaminization.  If  I  add  to  the  substance  alanine,  which  has  an  amino 
or  NH2  group  in  its  structure,  a  small  amoimt  of  nitrous  acid  and  warm 
the  mixture,  nitrogen  is  spUt  off  and  a  hydroxyl  group  substituted.  The 
process  is  deaminization.  The  same  end  result  may  be  secured  through 
the  action  of  a  great  variety  of  bacteria.  Just  how  they  accomplish 
the  result  we  do  not  know.  We  speak  somewhat  vaguely  of  enzyme 
action,  with  notions  far  from  clear  on  intermediate  steps;  yet  the  end 
result  we  know  with  certainty. 

Take  for  another  example  the  production  of  histamine  from  histidine. 
The  latter  is  an  amino  acid  and  like  all  amino  acids  contains  a  carbpxyl 
or  COOH  group.  Under  the  action  of  some  bacteria,  notably  certain 
strains  of  B.  coli,  CO2  is  split  off  and  imid-azol-ethylamine  produced, 
histamine,  one  of  the  most  potent  poisons  known.  Some  of  the  same 
product  may  be  produced  from  histidine  in  the  laboratory  by  the  simple 
process  of  dry  distillation,  CO2  being  split  off  at  the  high  temperature. 

Or  consider  the  action  of  common  yeast  on  dextrose.  Through  the 
enzyme  action  of  the  yeast  we  have  produced — if  we  agree  with  Neuberg 
— pyruvic  acid  and  atomic  hydrogen.  From  the  former,  carbon  dioxide 
is  evolved  with  the  production  of  acetaldehyde,  which  in  turn  is  reduced 
by  the  aforesaid  hydrogen  with  the  production  of  ethyl  alcohol, — no 
mean  accomplishment  for  any  chemist  these  days. 

>  Read  at  a  joint  session  of  the  Clinical  and  Pathological  Sections,  at  the  Seventeenth 
Annual  Meeting  of  the  National  Tuberculosis  Association,  New  York  City,  June  16,  1921. 
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Now  much  as  I  respect  the  analytical  powers  of  bacteria  I  am  more 
profoundly  impressed  by  their  aptitude  for  the  reverse  process,  synthesis, 
their  power  of  building  up  complex  structures  from  the  simplest  of 
materials.  I  think  of  them  as  chemical  machines  especially  adapted 
for  synthesis  on  a  grand  scale.  Of  course,  this  ability  is  common  to  all 
forms  of  life  from  a  baby  down,  but  the  process  is  followed  more  readily 
in  the  simple  imicellular  forms.  The  characterization  as  chemical 
machinery  for  synthesis  holds  for  parasites  and  saprophytes,  the  dif- 
ference in  the  two  being  entirely  in  their  reaction  to  environment.  If 
I  may  attempt  a  definition,  too,  I  will  say  that  a  parasite  is  a  mixture 
of  proteins,  capable  of  synthesizing  more  protein  within  the  tissues  of  a 
living  being;  protein  being  the  substance,  according  to  the  best  informa- 
tion available  at  the  present  time,  characteristic  of  life;  and  the  rapid 
construction  of  that  protein  by  small  masses  of  the  original  protein 
constitutes  virulence,  chemically  considered. 

Unfortunately  we  are  unable  to  catch  any  of  the  midstages  in  this 
remarkable  process,  although  we  can  detect  a  good  many  in  the  reverse 
process,  that  of  tearing  down  a  protein  molecule.  We  are  able  to  set  up 
a  chemically  well  defined  meal  before  a  given  bacterium,  and  determine 
with  a  high  degree  of  accuracy  what  it  takes  and  what  it  leaves,  and 
then  we  are  able  to  analyze  the  product  and  say — with  far  less  accuracy — 
what  it  has  done  with  what  we  provided.  But  how  it  put  the  structure 
together  from  the  simple  substances  we  gave  it  remains  a  puzzle. 

I  have  been  interested  for  some  time  in  the  utilization  of  certain  food 
stujffs  by  the  tubercle  bacillus.  Here  is  an  organism  that  takes  us  for 
its  food  material  and  builds  up  its  peculiar  proteins  out  of  the  disinte- 
gration products  of  our  proteins.  I  shall  never  forget  how  deeply 
impressed  I  was,  when  I  was  assisting  in  the  work  at  the  Reception 
Hospital  at  Saranac  Lake,  at  the  phenomenon  of  a  twenty  year  old 
^rl  bringing  up  a  quart  of  sputum  a  day,  every  one-twelfth  oil  immersion 
field  of  which  contained  hundreds  and  hundreds  of  living  tubercle 
bacilli.    There  was  synthesis,  and  parasitism,  and  virulence. 

Now  what  is  this  tubercle  bacillus,  whose  capacity  for  synthesis  is  so 
destructive  to  the  human  host?  Chemically  considered  it  is  a  mixture 
of  proteins,  nucleoproteins,  and  perhaps  lipoproteins  and  glycoproteins, 
in  a  cell  which  contains  a  high  amount,  as  compared  with  other  bacteria, 
of  certain  peculiar  lipoids.  Because  of  this  characteristic  high  fat  con- 
tent and  its  relation  to  the  phenomenon  of  acid-fastness,  an  enormous 
amount  of  work  has  been  done  on  this  phase  of  the  chemistry  of  the 
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organism,  and,  I  think,  in  proportion  to  the  time,  effort,  and  money  spent 
on  it,  wath  the  least  success.  Not  that  much  good  work  has  not  been 
done,  or  that  good  men  have  not  attacked  the  problem.  I  simply  mean 
that  lipoids  are  physically  of  such  consistency  that  most  of  them  have 
never  been  separated  sharply,  and  purified  and  identified.  But  I  have 
high  hopes  in  this  direction.  Dr.  Levene,  who  has  done  such  splendid 
work  in  this  field  recently,  tells  me  that  we  may  look  forward  to  the 
elaboration,  within  a  very  few  more  years,  of  methods  which  will  make 
the  analysis  of  lipoid  mixtures  a  fairly  exact  procedure.  In  the  mean- 
time we  have  of  course  acquired  much  valuable  information,  even  if  it  is 
far  from  complete.  We  know  that  the  waxy  mixture  contains  a  good 
deal  of  true  fat,  and  a  high  proportion  of  an  alcohol  of  high  molecular 
weight,  called  *'mykol"  by  Sakae  Tamura,  and  that  phosphatids  are 
present  in  considerable  amount.  I  want  to  know  more  about  these  last 
substances,  the  phosphatids.  I  believe  that  the  phosphorus  problem 
has  been  highly  neglected  in  bacterial  chemistry  in  general.  Here  is 
a  field  which  must  be  carefully  cultivated  when  the  new  methods  arrive. 
I  should  like  to  take  a  vote  in  this  audience  to  see  how  many  consider 
the  tubercle  bacillus  of  plant,  how  many  of  animal  nature.  I  have  had 
it  in  mind  for  some  time  to  apply  certain  chemical  tests  to  this  organism, 
to  gain  information  on  this  perhaps  academic  point.  As  you  all  know 
the  chemical  distinction  between  plant  and  animal  life  is  far  from  ab- 
solute; yet  there  are  some  lines  on  which  broad  generalizations  on  dif- 
ferences have  been  laid  down.  One  of  these  respects  the  insoluble 
carbohydrates.  In  plants,  the  woody  forms  of  life,  we  have  such  sub- 
stances as  cellulose,  hemicelluloses  and  starch.  In  the  lower  forms  of 
animal  Hfe,  insects,  crustaceans,  etc.,  we  have,  in  the  hard  parts,  car- 
bohydrates made  up  just  as  in  plant  Hfe  from  polymerized  small  mole- 
cules, but  with  this  difference, — that  they  contain  nitrogen.  In  them, 
not  glucose  molecules  as  in  starch,  but  glucosamine  molecules,  are 
piled  up  to  make  what  is  known  as  chitin.  Now  chitin  has  been  described 
in  several  bacteria.  Iwanoff  was  among  the  first  to  detect  it,  noting 
its  presence  in  several  forms,  including  the  anthrax  bacillus.  As  good 
a  man  as  Ruppel,  whose  early  article  on  the  proteins  of  the  tubercle 
bacillus  is  classic,  .suggests  that  chitin  or  a  similar  substance  might  be 
responsible  for  the  acid-fastness  of  the  organism.  Helbing  believed 
the  same  thing.  The  evidence  was  poor.  But  there  is  a  problem  to  be 
worked  out  at  any  rate.  Of  course  everything  under  the  sun  has  been 
referred  to  as  responsible  for   the  phenomenon   of   acid-fastness,    in 
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almost  total  neglect,  it  seems  to  me,  of  the  well  known  fact  that  an  ex- 
tremely finely  powdered  mass  of  tubercle  bacilli  ground,  let  us  say,  in  a 
ball  mill,  is  non-acid-fast.  Presumably  such  a  mass  contains  the  same 
chemical  constituents  as  the  unground  bacilli.  The  phenomenon  of 
colloidal  dispersion  of  the  different  constituents  has  not  been  thoroughly 
taken  into  account.  The  problem  should  be  attacked  by  the  physical 
as  well  as  the  organic  chemists. 

The  protein  of  the  tubercle  bacillus  has  been  considered  essentially 
nucleoprotein.  I  think  more  or  less  inaccuracy  has  been  involved  in 
the  decision,  although  there  is  no  question  that  a  good  deal  is  nucleo- 
protein. But  the  test  for  nucleoprotein  has  too  often  been  the  presence 
of  phosphorus  in  a  crude  protein  mixture  having  the  solubility  character- 
istics of  known  nucleoproteins.  In  this  connection  I  may  say  that  just 
the  other  day  in  my  laboratory  we  found  a  substance  in  defatted  tub- 
ercle bacilli,  which  was  rich  in  phosphorus,  was  soluble  in  water  and 
alcohol,  insoluble  in  toluene  and  acetone,  and  which  was  organic  and 
gave  a  mercury  salt,  but  gave  none  of  the  protein  reactions.  I  was 
looking  at  the  time  for  alcohol  soluble  proteins,  which  at  the  present 
time,  because  of  the  work  of  Osborne,  are  attracting  considerable 
attention. 

Some  months  ago,  instead  of  using  phosphorus  as  the  indicator  for 
the  amount  of  nucleic  acid  present,  I  used  substances  far  more  definitely 
characteristic  of  nucleic  acid,  namely,  the  purine  bases,  and  from  the 
amounts  found  calculated  that  the  nucleic  acid  content  of  the  bacillus 
was  between  2  and  3.5  per  cent  of  the  dry  weight.  This  was  smaller 
than  I  expected,  and  led  me  to  believe  that  a  higher  proportion  than  I 
had  originally  supposed  was  simple  protein.  Through  the  cooperation 
of  that  excellent  chemist.  Dr.  Treat  B.  Johnson,  I  expect  to  have  another 
check  run  on  this,  using  not  the  purine  bases  this  time  but  other  sub- 
stances also  highly  characteristic  of  nucleic  acid,  the  pyrimidine  bases. 
Further  data  on  a  point  I  mentioned  a  few  moments  ago  may  be  fur- 
nished by  this  investigation.  Curiously  enough,  as  far  as  we  know 
now,  there  are  two  distinct  nucleic  acids  and  just  two,  one  of  these  being 
found  in  plant  forms,  like  yeast  and  wheat,  the  other  occurring  in  animal 
tissues,  like  pancreas  or  thymus  gland,  the  chromosomes  of  animal 
nuclei  in  general  presumably.  They  are  a  good  deal  alike.  The  struc- 
ture is  the  same.  Each  is  built  upon  phosphoric  acid  linked  with  two 
pyrimidines  and  two  purines  by  carbohydrate  bridges.  The  purines 
are  the  same,  guanine  and  adenine,  but  the  pyrimidines  vary  and  the 
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bridge  is  different.  Both  forms  are  said  to  contain  the  pyrimidine 
cytosine,  but  in  the  plant  acid  the  other  pyrimidine  is  apparently  uracil, 
while  in  the  animal  form  it  is  thymine.  And  the  carbohydrate  bridge  is 
in  the  plant  acid  a  pentose,  and  in  the  animal  a  hexose.  Now  I  am  going 
to  have  the  nucleic  acid  of  the  bacillus  more  thoroughly  investigated. 
Through  the  courtesy  of  Parke,  Davis  &  Co.  and  Mulford  &  Co.  and 
Dr.  Dorset  of  Washington,  I  have  collected  about  three  kilograms  of 
dry  tubercle  bacilli,  which  are  to  be  analyzed  for  certain  things.  Dr. 
Levene  has  promised  to  get  out  the  nucleic  acid  and  determine  if  its 
sugar  is  a  pentose  or  a  hexose,  in  series  with  his  other  valuable  reports 
on  nucleic  acids.  Dr.  Johnson  will  supervise  the  work  of  a  rehable 
pyrimidine  chemist,  who  also  will  get  out  the  nucleic  acid  and  determine 
what  pyrimidine  bases  are  present  in  it.  I  may  say  that  the  presence  of 
thymine  has  been  recorded  by  several  investigators,  and  cytosine  and 
uracil  have  been  looked  for,  but  the  results  are  incomplete  and  confusing. 

There  is  desire  for  much  investigation  on  the  proteins  present,  because, 
of  course,  the  phenomena  of  hypersensitiveness  are  the  result  of  protein 
sensitization.  It  seems  ridiculous  that  having  known  that  fact  for  years 
we  have  so  far  failed  to  devote  much  attention  to  learning  of  what  type 
those  proteins  are.  We  know  the  qualitative  composition,  to  a  certain 
extent,  of  the  hydrolyzed  proteins — Tamura  has  furnished  us  with  a 
list  of  some  of  the  amino  acids  present — but  we  do  not  know  what  the 
particular  types  of  proteins  present  are.  I  plan  to  use  some  of  my  six 
pounds  of  tubercle  bacilli  on  this  problem. 

Leaving  the  subject  of  the  chemical  composition  of  the  tubercle 
bacillus  for  one  with  which  I  have  more  personal  acquaintance,  I  would 
like  to  say  something  about  the  metabolism  of  the  tubercle  bacillus  and 
some  other  acid-fast  organisms.  One  of  the  best  leads  I  know  about  in 
this  field  was  furnished  fifteen  years  or  more  ago  by  Theobald  Smith, 
who  noted  that  in  the  cultivation  of  tubercle  bacilli  on  glycerol  broth 
the  media  went  through  first  an  alkaline,  then  an  acid  phase.  These 
changes  have  not  been  accurately  accounted  for  chemically;  partly,  I 
believe,  because  we  have  used  too  complex  media  for  the  purpose. 
Commercial  peptone  is  a  hopeless  mixture  of  things,  and  meat  extract  is 
much  worse.  I  am  engaged  at  the  present  time  in  running  Theobald 
Smith  curves  on  media  of  simple,  known  chemical  composition,  and  try- 
ing now  to  understand  the  first  or  alkaline  phase.  I  can  think  of  just 
three  ways  in  which  culture  media,  glycerol-pcptonc  broth,  let  us  say, 
can  become  alkaline  as  the  result  of  bacterial  growth.     One  is  by  the 
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splitting  of  amino  acids  or  acid  amides,  which  of  course  make  up  the 
bulk  of  peptone,  into  ammonia  and  an  organic  acid,  with  destruction  of 
the  acid  or  its  incorporation  into  bacillary  substance,  and  excretion, 
or  at  least  slower  utilization,  of  ammonia,  leaving  a  preponderance 
of  this  substance  in  the  medium. 

The  second  is  by  the  decarboxylation  of  these  amino  acids,  carbon 
dioxide  being  driven  off  and  alkaline  substances,  the  amines,  being  left. 
This  theory  was  quite  attractive  to  me  two  years  ago,  because  at  that 
time  I  believed  the  tubercle  bacillus  would  grow  on  methyl  and  ethyl 
amines  as  sources  of  nitrogen,  and  thought  that  it  might  be  by  this 
amine  route  that  the  corresponding  amino  acids,  namely  glycocoll  and 
alanine,  were  broken  down.  I  have  since  concluded  that  those  results 
were  due  to  impurities,  chiefly  ammonium  chloride,  in  the  preparations, 
and  that  the  tubercle  bacillus  will  not  grow  on  amines,  and  that  therefore 
these  are  probably  not  evolved  in  its  katabolism  of  the  amino  acids  of 
its  food  supply.  The  point  is  one  of  considerable  importance,  as  the 
amines  are  very  potent  substances,  physiologically  considered.  Take 
some  examples.  In  the  suprarenal  gland  we  apparently  have  the  amino 
acids,  tyrosine  and  phenylalanine,  decarboxylated  and  otherwise  slightly 
modified  and  converted  into  the  highly  active  epinephrin.  At  least  one 
investigator  believed  that  the  hypophysis  decarbox}dates  some  of  the 
histidine  which  reaches  it  and  turns  back  into  the  blood  stream  the  very 
important  substance  histamine.  If  the  tubercle  bacillus  is  one  of  the 
decarboxylating  organisms,  might  we  not  think  of  the  tubercle  as  a 
ductless  gland,  also  turning  into  the  blood  stream  some  of  these  decar- 
boxylated amino  acids?  The  idea  has  received  some  attention,  especially 
with  reference  to  the  production  of  histamine.  I  have  proved  that  the 
tubercle  bacillus  is  able  to  use  histidine  as  its  sole  source  of  nitrogen, 
and  Drs.  Koessler  and  Hanke  by  their  new  methods  have  shown  that 
histamine  is  not  produced  from  histidine  present  in  the  medium,  but 
that  one  of  the  corresponding  deaminized  organic  acids,  imidazol- 
propionic,  pyruvic  or  lactic  acid,  is.    These  are  innocuous  substances. 

The  third  possibility  I  had  in  mind  to  account  for  the  alkaline  tide  is 
the  withdrawal  of  phosphoric  acid  from  the  neutral  phosphates  present, 
for  the  construction  of  nucleoproteins  and  phospholipins,  leaving  the 
bases  behind.  I  am  convinced  that  this  process  plays  some  role,  al- 
though it  is  probably  small  in  comparison  with  possibility  nimiber  one, 
which  I  outlined  a  moment  ago,  ammonia  production. 
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Before  leaving  the  subject  of  the  Theobald  Smith  curve  I  should  like 
to  describe  a  simple  method  of  following  it,  which  saves  time,  and  an 
immense  amount  of  incubator  space,  obviating  the  necessity  for  the 
large  number  of  cultures  used  where  titrations  are  carried  out  each  week. 
The  method  is  not  new,  a  similar  one  having  been  first  used  by  Frothing- 
ham.  I  carry  out  the  procedure  as  follows:  A  plaque  of  tubercle 
bacilli,  approximately  1  cm.  in  diameter,  less  if  necessary,  is  planted  on 
10  cc.  of  broth  in  a  test  tube,  1  inch  in  diameter,  the  broth  being  exactly 
neutral  in  reaction  at  the  start,  being  either  glycerol-peptone  broth  or 
a  special  medium,  and  containing  0.001  per  cent  of  phenol-sulphone- 
phthalein,  which  passes  through  a  characteristic  series  of  color  changes 
between  the  hydrogen  ion  concentrations  pH  6.4  and  8.4.  At  weekly 
intervals  the  tubes — I  run  the  experiment  in  quadruplicate — are  com- 
pared with  standards  containing  the  same  concentration  of  indicator  at 
different  reactions,  and  the  reaction  curve  is  plotted.  \Vhen  10  cc. 
amounts  are  used  in  well  sealed  tubes  the  whole  procedure  takes  about 
two  months.  Obviously,  it  is  much  simpler  than  the  titration  method. 
This  work  is  not  quite  ready  for  pubhcation,  but  I  may  say  that  for 
H37  and  Bl  on  glycerol  broth,  respectively  human  and  bovine  type 
strains  from  the  Saranac  Laboratory,  I  have  secured  curves  quite  com- 
parable to  those  usually  obtained  by  titration  methods.  The  results  on 
media  of  known  composition  are  not  yet  as  characteristic  as  I  had  hoped; 
and  yet  I  believe  that  it  is  only  by  the  use  of  such  media  that  we  shall 
ever  be  able  to  interpret  the  phenomenon.  With  certain  saprophytes, 
such  as  smegma  and  grass  bacilH,  where  glycerol  need  not  be  added, 
where  a  single  amino  acid,  such  as  alanine,  or  acid  amide,  as  propion- 
amide,  suffices  for  both  carbon  and  nitrogen,  striking  results  have  already 
been  obtained,  which  will  be  pubhshed  in  the  near  future.^  They 
furnish  very  clear  indications  as  to  the  protein  metaboKsm  of  these 
organisms. 

Inasmuch  as  the  amino  acid  alanine  can  be  considered  as  a  type  fonn 
for  many  members  of  the  group,  the  ring  compounds  tyrosine,  phenyl 
alanine,  tryptophane  and  histidine,  being  simply  substitution  products 
of  it,  I  am  concentrating  my  attention  on  the  products  obtained  from  it, 
being  at  the  present  time  engaged  in  the  analysis  of  2  Htrcs  of  an 
alanine  mixture  upon  which  H37  was  grown  for  one  month.  I  am 
hoping  to  detect  either  ammonium  lactate  or  ammonium  pyruvate, 

'See  this  number,  p.  715. 
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ammonium  propionate  and  ethyl  amine,  the  other  two  possible  decom- 
position forms,  having  been  apparently  ruled  out. 

In  the  investigation  on  metabolism  up  to  the  present  time,  I  have  nm 
perhaps  five  thousand  cultures  of  acid-fast  organisms  on  media  of  known 
composition.  Little  of  this  has  been  published,  as  I  confess  that  so 
far  I  have  only  accumulated  many  details  without  being  able  to  es- 
tablish broad  general  principles  with  which  the  details  may  be  correlated. 
Bacteria,  while  chemical  reagents,  are  very  complicated  reagents,  not 
always  of  standard  purity,  so  that  many  times  the  expected  reaction 
does  not  take  place  and  is  replaced  by  another.  Even  so,  I  believe  them 
more  reliable  reagents  in  our  work  than  the  higher  forms  of  life,  such  as 
guinea  pigs. 

A  brief  summary  of  the  details  which  have  been  observed  should 
include  the  following  facts.  In  general  I  have  foimd,  using  human, 
bovine,  and  avian  tubercle  bacilli,  frog,  turtle  and  fish  bacilli,  leprosy 
bacilli,  smega  bacilli,  and  several  strains  of  grass  and  mist  bacilli,  that 
nitrogen  is  readily  abstracted  from  the  amino  acids  alanine,  leucine  and 
histidine,  and  used  successfully  as  the  sole  source  of  nitrogen.  One  con- 
spicuous exception  lies  in  the  inability  of  my  two  avian  strains  to  utilize 
alanine;  they  deaminize  leucine  readily  however.  The  tubercle  bacillus 
is  able  to  thrive  with  alanine,  leucine  and  histidine  as  sources  of  nitrogen, 
but  not  with  tryptophane  or  phenylalanine.  It  might  be  thought  that 
deaminization  of  these  compounds  did  occur,  but  that  growth  did  not 
proceed  because  the  resultant  product  was  toxic.  As  you  know,  one 
theory  accounts  for  the  stoppage  of  bacterial  growth  in  old  cultures  on 
the  ground  that  a  high  concentration  of  toxic  products  has  been  reached, 
for  example  from  the  tyrosine  of  the  medium,  which  is  nothing  more 
than  alanine  with  one  hydrogen  atom  replaced  by  a  molecule  of  carbolic 
acid,  or  from  phenyl  alanine  where  the  replacement  is  with  benzene. 
However,  such  reasoning  cannot  explain  the  failure  of  the  tubercle 
bacillus  to  grow  when  phenyl  alanine  is  supplied  as  the  sole  source  of 
nitrogen,  for  when  alanine  is  supplied  in  addition  growth  does  occur. 

As  regards  the  utilization  of  the  carbon  in  amino  acids  for  structural 
purposes,  it  may  be  said  that  tubercle  bacilli  are  unable  to  synthesize 
all  the  carbonaceous  portion  of  their  body  substance  from  the  material 
left  after  the  abstraction  of  nitrogen.  They  need  something  else,  best 
glycerol.  Leprosy  bacilli  can  slowly  build  up  their  organic  body  sub- 
stance, all  of  it,  from  alanine  or  leucine.  Frog,  fish  and  turtle  bacilli  dd 
the  same  thing  a  little  better,  but  seem  unable  in  general  to  split  the 
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ring  compounds,  such  as  tyrosine,  tryptophane  and  histidine.  The 
same  statement  may  be  made  of  the  various  grass  bacilK,  except  that 
they  do  seem  to  spHt  the  imidazol  ring  of  histidine.  I  am  in  this  case, 
of  course,  taking  it  for  granted  that  growth  on  histidine,  as  sole  source 
of  both  carbon  and  nitrogen,  means  a  spHtting  of  the  ring,  as,  naturally, 
proteins  cannot  be  built  up  simply  from  piled  up  histidine  molecules, 
and  we  have  no  evidence  that  bacteria  take  the  straight  chain  for  struc- 
tural purposes — I  grant  they  may  oxidize  it  off — and  throw  the  ring 
away.  No  organism  of  the  group  seems  able  to  utiHze  try^ptophane  or 
tyrosine  as  sole  source  of  both  nitrogen  and  carbon.  Inasmuch  as  some 
of  the  saprophytic  acid-fasts  are  able  to  thrive  on  tryptophane  and 
phenyl  alanine,  when  glycerol  is  supplied  as  an  additional  source  of  car- 
bon, I  assume  that  the  failure  to  grow  on  the  ring  compounds  without 
glycerol  indicates  the  inability  of  the  organisms  to  spHt  the  indol  and 
benzene  rings. 

As  regards  the  utilization  of  nitrogen  in  other  forms,  I  have  found 
that  propionamide  is  readily  deaminized  by  all  organisms  of  the  group, 
that  ammonia  is  a  sufficient  source  of  nitrogen  for  all  members  of  the 
group,  that  creatinine,  which  contains  imino,  but  not  amino  nitrogen, 
is  used  for  nitrogen  fairly  readily  by  smegma  and  grass  bacilH,  somewhat 
sparingly  by  frog,  fish  and  turtle  bacilli,  less  readily  still  by  leprosy 
bacilli,  and  by  tubercle  bacilli,  as  far  as  I  can  detect,  not  at  all.  Urea, 
which  may  be  thought  of  as  an  amino  acid  amide,  is  used  readily  by  all 
forms  except  tubercle  bacilli,  and  turtle  and  fish  bacilH.  The  ready  use 
by  leprosy  bacilli  is  noteworthy. 

No  study  of  nutrition  nowadays  would  be  complete  without  a  con- 
sideration of  vitamines.  They  have  been  described  as  favorable  to  the 
growth  of  a  variety  of  bacteria  by  several  investigators.  To  be  brief, 
I  have  not  been  able  to  demonstrate  any  growth  increase  with  tubercle 
bacilli  or  other  acid-fast  organisms  following  the  addition  of  certain 
market  preparations  of  water-soluble  (yeast)  vitamine,  or  at  least  any 
increase  which  could  not  be  attributed  to  the  presence  of  certain  useful 
amino  acids,  any  increase  which  could  not  be  dupHcated  by  the  addi- 
tion of  an  "aminoid'*  mixture  in  which  no  vitamine  constituency  was 
supposed  to  be  present  at  all.  On  the  other  hand,  I  have  been  able  to 
prove  that  certain  amino  acids  are  useful  per  sc.  You  are  doubtless 
familiar  with  the  work  of  Osborne  and  Mendel  and  others,  who  have 
shown  that  in  mammalian  metabolism  lysine  and  tryptophane  are 
necessary  for  growth  and  maintenance.     I  have  been  able  to  show  that 
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lysine,  while  not  necessary  to  the  growth  of  the  tubercle  bacillus,  is  at 
least  desirable,  for  when  you  take  two  proteins,  otherwise  fairly  similar, 
the  one,  edestin,  containing  lysine,  the  other,  gliadin,  being  practically 
lacking  in  this  substance,  and  prepare  peptones  from  these  and  grow 
the  tubercle  bacillus  upon  them,  you  will  find  that  the  better  growth 
occurs  on  edestin,  the  one  with  the  amino  acid  lysine. 

In  conclusion,  let  me  recapitulate  the  problems  that  I  am  considering, 
the  study  of  which  is  being  faciHtated  by  a  grant  from  this  association. 
First,  there  is  the  type  of  nucleic  acid  present:  what  are  its  pyrimidine 
bases  and  what  is  its  carbohydrate?  Second,  what  sorts  of  protein  are 
present  in  the  tubercle  bacillus?  Then  there  is  the  subject  of  metabo- 
lism. How  is  phosphorus  used?  In  the  nitrogen  metabolism  how  are 
amino  acids  broken  up  and  what  is  the  bearing  of  this  breakdown  on 
the  reaction  change  of  the  medium?  What  happens  to  the  cyclic  amino 
acids,  those  substances  from  which  physiologically  active  compounds 
are  produced  so  readily?  And  lastly,  a  problem  I  have  not  yet  touched: 
what  is  the  role  of  glycerol  in  synthesis?  This  is  a  large  order,  and  yet 
it  touches  but  a  few  of  the  problems  we  must  clear  up  for  a  moderately 
complete  knowledge  of  the  life  history  of  the  tubercle  bacillus. 


R^rinted  from  The  American  Review  of  Tubercllosis 
Vol.  V,  No.  11,  January,  1922 


THE  NUTRITION  OF  ACID-FAST  BACTERIA 

ESMOND  R.  LONG 

From  the  Department  of  Pathology  of  the  University  of  Chicago  and  the  Otho  S.  A.  S Prague 

Memorial  Institute 

Ever  since  the  possibility  of  confusion  has  existed,  those  micro- 
organisms which  stain  with  more  or  less  difficulty  with  the  common 
aniline  dyes,  but  which,  once  stained,  retain  their  color  tenaciously 
against  acid  and  alcohol,  have  been  considered  as  a  biological  division. 
About  forty  types,  described  at  various  times,  have  been  herded  to- 
gether in  bacteriological  classification,  largely  on  the  basis  of  this  single 
property,  and  spoken  of  as  the  "acid-fast"  group,  in  distinction  from 
such  groups  as  the  "  colon- typhoid "  group,  the  "mucosus  capsulatus" 
group,  and  so  on.  Some  of  these  are  certainly  identical,  while  others 
have  been  considered  by  many  investigators  as  mutually  transmutable^ 
perhaps  derived  originally  from  a  common  acid-fast  ancestor.  More 
conservative  writers  (1),  (2),  (3)  doubt  this  transmutability,  however, 
and  prefer  to  distinguish  two  main  types,  pathogenic  and  nonpatho- 
genic, with  several  subgroupings  within  the  two  main  divisions,  based 
on  habitat. 

It  would  seemingly  not  be  justifiable  to  classify  these  bacteria  on 
the  basis  of  that  single  attribute,  unless  it  were  a  fundamental  one  not 
possessed  by  other  bacteria  and  maintained  always  under  given  condi- 
tions by  the  ones  in  question.  Reduced  to  concrete  terms  the  propriety 
of  placing  them  in  a  single  group,  since  it  cannot  be  done  on  the  basis 
of  virulence,  depends,  in  the  opinion  of  the  author,  upon  the  answer  to 
such  questions  as  these:  Do  they  have  in  common  any  of  tlie  recognized 
chemical  carriers  of  specificity?  Particularly,  do  they  possess  common 
or  closely  related  proteins  not  included  in  the  bodies  of  other  bacteria? — 
protein  being  generally  considered  the  carrier  of  hereditary  character- 
istics (4).  Do  they  become  non-acid-fast  under  any  conditions  and 
breed  true  in  the  new  state?  Can  any  of  the  bacteria  outside  the  group 
be  made  to  take  on  this  property  of  acid-fastness?  In  summary,  is 
acid-fastness  a  manifestation  of  any  biological  individuahty? 

*  Aided  by  a  grant  from  the  National  Tuberculosis  Association. 
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Now  the  nature  and  individuality  of  the  proteins  present  in  the  pro- 
toplasm of  different  bacteria  cannot  be  readily  revealed  by  the  present 
coarse  methods  of  chemical  analysis.  Fortunately,  however,  we  have 
most  delicate  tests  of  another  kind,  the  so  called  biological  ones,  mys- 
terious in  their  working,  but  none  the  less  accurate,  which  permit  a 
sharp  differentiation  of  proteins.  And  on  the  basis  of  such  tests  we  do 
have  reason  for  believing  that  certain  of  the  acid-fast  bacteria  possess 
common  proteins  not  present  in  the  bodies  of  certain  other  bacteria. 
The  information  is  incomplete  and  will  require  much  extension  to  fur- 
nish the  basis  for  the  formulation  of  a  law,  but  it  seems  definite  as  far  as 
it  goes.  Krause  and  Baldwin  (5),  who  have  reviewed  the  investigations 
of  others,  find  in  their  own  experience  that  guinea  pigs  sensitized  with 
any  of  the  following  extracts:  human  type  tubercle,  butter,  leprosy, 
timothy,  milk,  dung  and  smegma  bacilli,  will  react  to  their  proper  anti- 
gen or  to  that  of  any  of  the  others,  but  that  none  of  the  animals  so  sensi- 
tized will  react  to  B.  sub  tills  emulsion,  nor  will  sub  tills  sensitized  pigs 
react  to  the  acid-fast  preparations.  On  the  other  hand,  Urbain  and 
Fried  (6)  and  others  have  noted  a  biological  relationship  between  the 
tubercle  bacillus  and  the  diphtheria  bacillus,  in  obtaining  positive  com- 
plement fixation  with  either  bacterium  as  antigen  in  disease  caused  by 
the  other.  A  situation  of  multiple  antigen,  somewhat  akin  to  that 
discussed  by  Much,  is  quite  naturally  suggested. 

Acid-fastness  is  most  commonly  explained  as  a  function  of  the  high 
wax  content  of  these  organisms.  Yet  it  is  far  from  likely  that  the  wax 
itself  is  a  carrier  of  any  specificity  (4).  It  is  probably  only  associated 
with  it,  in  which  case  it  would  be  dependent  upon  some  more  significant 
underlying  factor  of  nutrition.  It  should  be  mentioned  that  some  non- 
add-resistant  saprophytic  bacteria  have  been  made  to  acquire  add- 
fastness  by  growth  upon  lipoid-rich  media  (7),  and  acid-fast  ones  to 
become  non-add-fast  by  cultivation  upon  media  not  readily  adapted 
to  the  synthesis  of  fat  (8). 

Now  a  certain  amount  of  specificity  is  unquestionably  determined  by 
the  presence  within  a  cell  of  a  high  concentration  of  a  given  enzyme  (4). 
That  statement  altogether  begs  the  question  whether  enzymes  are  pro- 
teins or  not.  A  pancreas  cell  differs  from  a  liver  cell  in  the  marked 
ability  of  its  expressed  juice  to  break  down  protein  subjected  to  its 
destructive  influence.  It  contains  a  high  concentration  of  what  we 
call  tryptic  ferment.  A  liver  cell  apparently  differs  from  one  of  the 
intestinal  mucosa  in  its  faculty  for  working  up  the  ammonia  elaborated 
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in  the  gastrointestinal  tract  into  the  innocuous  substance,  urea.  Crudely 
expressed,  these  cells  differ  in  one  respect  in  that  they  work  with 
different  tools,  more  or  less  specific  for  each. 

Bacteria,  too,  differ  among  themselves  in  the  same  way,  and  several 
good  but  incomplete  classifications  are  based  on  the  differences  observed. 
The  experiments  recorded  below  represent  a  study  of  the  similarities 
and  differences  in  the  action  of  the  acid-fast  bacilli  upon  some  of  the 
common  food  stuffs  provided  for  them  in  nature.  The  attempt  was 
made  to  learn  whether  they  possess  common  nutritional  properties  as 
well  as  the  compositional  one  expressed  by  the  phenomenon  of  acid- 
fastness.  No  effort  has  thus  far  been  made  to  trace  their  development 
from  these  foods.  They  were  furnished  with  simple  diets  containing 
all  the  necessary  elements  for  the  construction  of  protoplasm,  N,  C, 
H,  O,  P,  S,  K,  Na,  Ca,  Mg,  and  CI;  and  they  grew  or  died,  according  as 
they  did  or  did  not  possess  the  tools  for  obtaining  their  liveKhood  from 
the  materials  in  the  form  provided. 

Nitrogen  was  furnished  in  certain  well  defined  protein  decomposition 
products,  in  amino,  amide,  amine  and  imino  form.  Carbon  was  sup- 
plied in  the  form  of  amino  acids  or  certain  alcohols  and  acids.  P,  S,  K, 
Na,  Ca,  Mg,  and  CI  were  kept  constant  in  all  experiments,  the  media 
containing  0.5  per  cent  NaCl,  ^  KH2PO4  and  traces  of  MgS04  and 
CaCU.  In  addition,  2  per  cent  purified  agar  was  used  in  all  experiments 
except  those  with  tubercle  bacilli  (human  and  bovine  types).  This 
may  be  considered  an  inert  substance.  Cultures  were  run  in 
quadruplicate. 

In  the  tables  below  growth  is  recorded  by  an  arbitrary  system  of 
pluses,  one  plus  meaning  distinct  but  not  heavy  growth,  two  pluses,  mod- 
erately heavy,  and  three  pluses,  profuse.  Human  and  bovine  type  tuber- 
cle bacilli  were  grown  for  one  month,  and  all  others  for  two  weeks.  All 
were  grown  at  37°C.  except  the  frog,  fish  and  turtle  bacilli,  which  were 
kept  at  25"*. 

The  isolation  histories  of  the  bacteria  used  were  not  known  in  all 
cases.  H37  and  Rl  are  old  cultures  of  tubercle  bacilli  of  the  human  type, 
isolated  from  cases  of  pulmonary  tuberculosis  seventeen  and  thirty 
years  ago,  respectively,  the  first  of  relatively  high,  the  second  of  decid- 
edly low  virulence.  H102  is  a  human  type  bacillus  isolated  from  sputum 
in  1920.  Bl  is  a  bovine  type  bacillus  isolated  from  a  cow's  lung  in  1902. 
Al  is  an  avian  bacillus  isolated  from  a  chicken  in  a  California  epidemic 
in  1905.     The  timothy  bacillus  and  frog  bacillus  are  descendants  of 
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Strains  isolated  by  Moeller  in  Berlin  about  1904.  The  turtle  bacillus 
culture  is  the  same  as  that  brought  to  this  country  by  Friedmann  in 
1913.  The  others  are  stock  strains  of  some  years  standing  from  the 
American  Museum  of  Natural  History,  and  the  Hygienic  Laboratory 
and  the  Department  of  Bacteriology  of  the  University  of  Chicago,  for 
which  exact  histories  were  not  available.  All  were  acid-fast  and  re- 
mained so  on  all  media  used. 

SUMMARY    OF    RESULTS 

In  table  1  growth  with  a  number  of  amino  acids  as  sole  source  of 
N  and  with  glycerol  as  an  additional  source  of  C  is  recorded.  These 
being  all  a-amino  acids,  the  N  has  the  same  relationship  to  the  rest  of  the 
molecule  in  each  case:  that  one  expressed  by  the  formula  R.  CH.  NH2. 
COOH.  R  is  either  CH3,  as  in  the  case  of  alanine,  or  CH3  with  one  H 
atom  replaced  by  another  group.  In  all  except  leucine  the  replacing 
group  is  a  ring  structure.  Table  2  records  the  availability  of  the  factor 
R  in  its  various  forms  for  building  the  entire  carbonaceous  portion  of 
the  bacterial  body,  glycerol  being  left  out  of  the  medium,  the  remainder 
of  the  amino  acid  after  the  extraction  of  the  amino  group  constituting  the 
sole  supply  of  C. 

Summarizing  the  results  obtained,  we  note  that  the  amino  group  is 
utilizable  by  all  bacteria  as  their  sole  source  of  N.  With  all  bacteria 
used  except  the  avian  bacillus,  alanine  served  readily  as  a  source  of  N. 
Why  alanine  could  not  be  used  by  avian  bacilli,  when  isopropyl  alanine 
(leucine)  and  imidazol  alanine  (histidine)  were  utihzed,  awaits  later 
explanation.  It  is  easier  to  explain  why  growth  was  relatively  feeble 
when  tryptophane  (indol  alanine),  phenylalanine  and  tryosine  (oxy- 
phenylalanine)  were  used.  These  compounds  contain  the  benzene 
nucleus,  which  in  small  amounts  is  toxic  to  bacteria.  With  each  atom 
of  N  withdrawn,  in  the  case  of  phenylalanine,  for  instance,  a  molecule 
of  phenyl  lactic  or  phenyl  pyruvic  acid  is  left  as  a  possible  interferent 
with  growth,  even  when  an  adequate  supply  of  C  is  available  from  another 
source,  glycerol. 

This  factor  of  toxicity  may  be  further  studied  in  table  3.  Three 
media  were  used  for  this  experiment.  In  each  case  the  same  amount 
of  N  was  present.  In  one  medium  was  ^J  alanine,  in  another  ^J  phenyl- 
alanine, and  in  the  third  ^  alanine  plus  H  phenyl  alanine,  in  addition 
in  each  case  to  5  per  cent  glycerol.     It  will  be  seen  that  with  the  excep- 
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tion  of  the  avian  bacillus,  for  which  an  inverse  relation  obtains,  as  noted 
above,  all  bacteria  grew  well  with  alanine  as  a  sole  source  of  N,  sparsely 
or  not  at  all  with  phenylalanine,  and  that  in  the  case  of  human  and 
bovine  type  tubercle  bacilli,  turtle  and  fish  bacilli,  smegma  and  various 
types  of  grass  bacilli,  growth  was  improved  by  replacing  half  of  the 
phenylalanine  with  alanine,  but  that  such  substitution  did  not  restore 
growth  to  the  level  obtained  with  alanine  in  the  absence  of  its  phenyl 
modification.  It  is  of  course  conceivable  that  bacteria  use  a  different 
deaminizing  enzyme  for  each  amino  acid,  and  that  those  studied  here 
are  better  equipped  with  the  one  for  alanine  than  that  for  phenylalanine, 
but  it  seems  more  probable  that  the  factor  concerned  in  the  decreased 
growth  with  the  latter  is  the  toxicity  of  the  compound  left  after  the 
deaminization. 

Table  2  shows  the  availability  of  the  carbon  residue  left  after  deami- 
nization. This  residue  seems  useless  to  the  tubercle  bacillus  in  all  cases, 
this  organism  being  strongly  glycerophilic.  The  leprosy  bacillus  on 
the  other  hand  possesses  the  necessary  tools  for  working  up  the  residue 
from  alanine  and  leucine,  at  least,  into  its  own  substance  and  maintain- 
ing itself  on  these  residues  as  the  sole  source  of  its  carbon.  It  is  unable 
however  to  use  the  deaminized  residue  from  histidine  (from  which  it  is 
able  to  abstract  N:  see  table  1).  Frog,  turtle  and  fish  bacilli  behave  in 
an  entirely  similar  manner.  In  all  probability  we  are  dealing  here  with 
an  inability  to  split  the  imid-azol  ring  of  histidine  into  the  simple 
groups  from  which  synthesis  of  the  necessary  variety  of  bacterial  building 
stones  can  start. 

Smegma  bacilli  are  better  equipped  for  coping  with  an  unfavorable 
environment,  in  that  they  possess  the  mechanism  for  deriving  their 
entire  carbonaceous  nutriment  from  the  imid-azol-propionic  arrangement 
of  C  atoms,  in  all  probability  splitting  the  imid-azol  ring.  The  same 
statement  holds  for  most  of  the  grass  bacilli,  the  dung  bacillus  being 
considered  a  grass  bacillus.  Smegma  and  grass  bacilli  are  however  un- 
able to  get  the  necessary  nourishment  from  the  carbon  residue  of  tryp- 
tophane, although,  as  table  1  shows,  they  are  able  to  deaminize  it. 
This  means,  either  that  they  are  unable  to  split  up  the  indol-propionic 
grouping,  or  that  the  latter  is  too  toxic.  Probably  the  former  possi- 
bility is  the  correct  explanation,  in  view  of  the  fact  that  some  growth 
does  take  place  when  glycerol  is  supplied  as  an  additional  source  of  C, 
none  at  all  occurring  on  tryptophane  alone. 


THE   NUTRITION   OF  ACID-FAST   BACTERIA  865 

In  table  4  a  comparison  is  made  of  the  utilization  of  N  in  various  forms, 
amino,  amide,  amine,  imino,  and  ammonia.  In  each  case  an  adequate 
supply  of  C  was  presented  in  glycerol.  Summarizing,  we  note  that 
the  amino  group  of  alanine  is  readily  used  by  everything  except  a\dan 
bacilli.  The  acid  amide  group  of  propionamide  is  used  by  all  bacteria 
except  the  turtle  bacillus.  The  ammonia  grouping  ser\'es  as  the  sole 
source  of  N  for  any  of  them,  and  it  is  probably  chiefly  by  conversion 
into  this  form  that  the  N  of  any  chemical  grouping  is  used.  Creatinine 
is  not  used  by  tubercle  bacilli,  may  or  may  not  be  used  by  leprosy  bacilli, 
but  is  susceptible  to  the  action  of  the  bacilli  of  cold  blooded  animals, 
the  smegma  bacilli,  and  the  various  grass  bacilli.  It  is  an  example  of 
nitrogen  in  the  imino  grouping,  vulnerable  apparently  to  the  above 
named  group. 

Urea,  which  may  be  looked  upon  as  the  diamide  of  carbonic  acid 
or  as  the  amide  of  carbamic  acid,  is  not  so  readily  utilized  as  might  be 
expected.  Readily  available  to  leprosy  bacilli,  smegma  bacilli,  and  all 
the  grass  bacilli,  its  N  cannot  be  used  by  human,  bovine  or  avian  type, 
tubercle  bacilli  or  by  any  of  the  bacilli  of  cold  blooded  animals  except 
the  frog  bacillus. 

Of  all  the  bacteria  used,  only  three  possessed  the  power  to  use  the 
N  of  ethyl  amine.  Curiously  enough  these  were  of  different  groups, 
two  of  them  being  grass  bacilli,  the  other  the  frog  bacillus.  Tubercle 
bacilli  were  unable  to  utihze  it.  This  experiment  was  repeated  several 
times  in  view  of  the  fact  that  two  years  ago  the  author  (9)  reported  utili- 
zation of  amine  N  by  tubercle  bacilH.  As  prepared,  the  amine  used  at 
that  time  must  have  contained  some  ammonium  chloride,  enough  to 
account  for  growth  of  the  tubercle  bacillus.  The  product  used  in  the 
experiments  here  recorded  was  ammonia-free,  and  it  can  be  definitely 
stated  that  H37,  Bl,  and  Al  do  not  use  this  compound.  In  general  the 
amines  are  stable  compounds  in  the  laboratory.  The  remarkable  tiling 
is  not  that  so  many  bacteria  failed  to  use  ethyl  amine  nitrogen,  but 
that  some  were  able  to  do  so.  The  frog  bacillus  and  grass  III  and  IV 
obviously  possessed  something  lacking  in  the  other  bacilli,  a  mechanism 
for  prying  the  NH2  group  off  from  a  primary  amine.  No  explanation 
can  be  given  of  the  difference  in  the  behavior  of  the  frog  bacillus  and 
its  supposed  relatives,  the  turtle  and  iish  bacilli,  and  in  that  of  grass 
III  and  IV  and  the  other  grass  bacilli.  It  was  sharp  and  unquestionable, 
however,  serving  to  show  how  complicated  the  problem  of  differenti- 
ating bacteria  on  a  chemical  basis  may  be.     As  a  point  of  interest  it 
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may  be  mentioned  that  a  culture  of  the  frog  bacillus  contaminated  with 

B.  subtilis  was  readily  cleared  of  the  contamination  by  growth  upon  an 
amine  medium,  in  which  ethyl  amine  was  the  sole  source  of  both  N  and 

C,  B.  subtilis  being  unable  to  use  the  amine. 

The  action  of  the  frog  bacillus  was  further  examined  in  the  following 
experiment.  Fifteen  bottles  of  a  medium  containing  ethyl  amine  hy- 
drochloride as  the  entire  supply  of  N  and  C,  after  serving  for  the  growth 
of  the  frog  bacillus  for  one  month,  were  distilled,  and  the  distillate  was 
treated  with  ammonia  and  LugoFs  solution.  No  crystals  were  formed, 
but  a  marked  odor  of  iodoform  developed,  indicating  the  production  by 
the  frog  bacillus  of  a  certain  amount  of  either  ethyl  alcohol  or  acetalde- 
hyde  in  the  medium.  A  control  of  fifteen  bottles  inoculated  at  the 
same  time  with  the  grass  bacillus,  which  did  not  utilize  this  compound, 
was  subjected  to  the  same  treatment  and  failed  to  give  the  test. 

In  table  5  is  indicated  the  utilization  of  C  in  various  forms,  from 
which  only  empirical  deductions  can  be  drawn  at  the  present  time. 
Glycerol  is  readily  used  by  all  members  of  the  group.  Glycol,  its  homo- 
logue  with  one  less  carbon  atom,  is  not  utilized  by  any.  Ethyl  alcohol 
has  a  limited  utilization,  serving  as  a  sufficient  source  of  carbon  to  the 
frog  bacillus,  smegma  bacillus  and  grass  bacilli,  and  perhaps  some  of  the 
others  not  tried.  Methyl  alcohol,  its  homologue  with  one  less  carbon 
atom,  is  unutilizable.  So  much  for  alcohols.  Propionic  acid  served  as 
a  complete  source  of  carbon  for  frog,  turtle,  smegma  and  grass  bacilli, 
but  not  for  tubercle,  leprosy  or  fish  bacilli.  Its  homologue  with  one 
less  C  atom,  acetic  acid,  was  unutiKzable.  Lactic  acid  was  similar  in 
its  nutritive  value,  except  that  the  leprosy  bacillus  did  use  it  and  the 
turtle  bacillus  did  not.  Its  homologue  with  one  less  carbon  atom, 
glycoUic  acid,  was  unutilizable.  Pyruvic  acid  sufficed  as  sole  source  of 
carbon  for  all  bacteria  except  human  and  bovine  type  tubercle  bacilli 
and  one  of  the  avian  strains.  Its  homologue,  glyoxylic  acid,  was  unfor- 
tunately not  available  for  investigation.  Most  remarkably,  for  some 
bacteria  formic  and  oxalic  acids  could  serve  as  the  sole  source  of  car- 
bon. These  substances  contain  only  Ho  as  available  energy;  unknown 
reduction  processes  go  on  to  render  their  carbon  utilizable. 

In  general,  it  will  be  noted  from  the  above  summary  that  the  three 
carbon  atom  acids  are  utilizable  for  synthesis,  and  the  two  carbon  ones 
not.  It  is  to  be  noted  that  the  alcohol  related  to  the  three  carbon  atom 
adds  in  sugar  metabolism,  equivalent  to  lactic  acid  minus  carbon  diox- 
ide,  namely,   ethyl  alcohol,  is  utilizable,  while  the  alcohol  similarly 
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related  to  the  two  carbon  acids,  methyl  alcohol,  is  unutilizable.  The 
usefulness  of  glycerol  and  nonutility  of  glycol  for  this  group  of  bacteria 
is  no  new  observation,  it  having  been  recorded  years  ago  by  Proskauer 
and  Beck  (10). 

DISCUSSION 

The  protocols  above  record  the  results  of  some  four  hundred  and  fifty 
culture  experiments,  or  about  eighteen  hundred  cultures,  since  each 
experiment  was  carried  out  in  quadruplicate.  Naturally,  in  a  series  of 
that  size  many  discrepancies  occur.  Space  would  not  permit  a  separate 
discussion  of  all  of  these,  nor  would  such  discussion,  indeed,  be  profit- 
able. We  cannot  ignore  the  fact  that  bacteria  as  living  things  possess 
a  certain  variability  not  encountered  in  standard,  dead  chemical  reagents. 
I  have  seen  a  chromogenic  strain  of  grass  bacillus  run  pure  white  through 
three  weeks  on  one  transplant  in  quadrupHcate  and  return  to  a  bright 
yellow  in  the  transplant  from  this  to  the  same  medium.  It  is  no  cause 
for  wonder  that  their  chemical  action  on  food  stuffs  is  not  always  as 
expected. 

In  spite  of  this  fact  and  in  spite  of  the  fact  that  the  above  tables  are 
obviously  incomplete,  various  strains  being  added  or  withdrawn  in  the 
course  of  the  investigation,  perhaps  enough  broad  generalizations  may 
be  drawn  from  them  and  the  summaries  given  in  the  text,  to  furnish  a 
start  on  classification,  subject  always  to  revision.  Furthermore,  if 
this  classification  is  to  be  useful  in  a  practical  way,  it  must  recognize 
the  point  of  view  of  parasitism  as  against  avirulence. 

One  of  the  characteristics  of  saprophytes  as  seen  in  the  imcontrolled 
conditions  of  nature,  is  their  ability  to  break  down  very  complex  into 
simple  compounds,  from  which  new  life  is  constructed,  the  familiar 
organic  decay,  which  constitutes  an  arc  in  the  great  carbon  and  nitrogen 
cycles.  Complex  chemical  groupings  such  as  the  benzene  and  indol 
rings  are  torn  to  pieces,  the  imino  grouping  is  vigorously  attacked  by 
saturation  with  water,  and  ammonia  is  pried  loose  from  stable  things 
like  amines.  In  a  general  way  parasites  are  more  helpless,  and  more 
likely  to  thrive  on  nutriment  a  portion  of  which  at  least  is  predigested, 
and  many  of  them  are  prone  to  leave  untouched  difficultly  digestible 
morsels  like  the  aromatic  rings.  Numerous  exceptions  to  these  propo- 
sitions can  of  course  be  cited,  but  they  approximate  the  truth  closely 
enough  to  be  useful. 
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It  will  be  noted  in  table  5  that  the  alcohols  other  than  glycerol,  and 
the  organic  acids  used,  are  insuflSicient  sources  of  carbon  for  the  tubercle 
bacilli.  They  must  have  something  more,  preferably  glycerol.  They 
are  thus  at  once  set  apart  from  the  rest  of  this  heterogeneous  group, 
which  use  these  substances  to  a  varying  degree.  Turning  now  to  some  of 
those  characteristics  of  saprophytism  just  mentioned,  we  note  that  the 
complex  imid-azol-propionic  structure  (histidine)  is  utilizable  by  smegma 
and  grass  bacilli  as  a  source  of  carbon  and  useless  to  the  others.  Some- 
thing like  the  same  separation  can  be  made  on  the  basis  of  the  utiliza- 
tion of  the  nitrogen  of  the  complex  tryptophane  (table  1).  Utiliza- 
tion of  the  creatinin  imino  nitrogen  and  abstraction  of  nitrogen  from 
urea  again  place  the  smegma  bacilli  with  the  grass  bacilli  and  both  of 
them  apart  from  the  tubercle  bacilli.  By  exclusion  of  these  two  ex- 
tremes, we  have  left  the  leprosy  bacilli,  provisionally  so  called,  with  due 
recognition  of  their  insecure  etiological  status,  and  the  bacilli  of  cold 
blooded  animals.  In  their  utilization  of  the  carbonaceous  portions  of 
d-1  alanine  and  leucine,  these  behave  somewhat  alike  and  more  like  the 
grass  and  smegma  bacilli  than  like  the  tubercle  bacilli.  In  their  less 
general  utilization  of  propionic  and  lactic  acid  and  ethyl  alcohol  as 
sources  of  carbon,  they  act  more  like  the  tubercle  bacilli.  In  their  ac- 
tion on  creatinin  they  are  again  more  like  the  grass  bacilli.  In  their 
failure  to  use  the  carbonaceous  part  of  histidine  they  behave  similarly 
and  resemble  more  the  tubercle  bacilli. 

From  the  above  considerations  it  will  at  least  be  seen  that  the  tubercle 
bacilli  on  the  one  hand  and  the  smegma  and  grass  bacilli  on  the  other, 
fall  rather  readily  into  separate  nutritional  groups.  The  lepra  and  cold 
blooded  animal  bacilli  have  many  points  of  difference  from  both  of 
these  and  certainly  a  few  nutritional  factors  in  common.  Tentatively 
they  can  perhaps  be  considered  together  as  a  third  group.  Finally  it 
should  be  added  that  the  distinction  between  human  and  bovine  type 
tubercle  bacilli  has  so  far  proved  too  subtle  to  be  drawn  on  a  nutritional 
basis. 
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The  literature  of  anaphylaxis  and  related  topics,  and  the  number  of 
unsettled  problems,  are  both  too  vast  to  permit  of  an  exhaustive  review 
within  the  scope  contemplated  by  these  Physiological  Reviews, 
even  if  there  were  not  already  numerous  excellent  and  adequate  com- 
pilations of  this  sort  in  available  Hterature  (1).  In  order  to  avoid 
covering  again  too  much  of  the  ground  already  'thoroughly  surveyed 
by  others,  this  review  will  limit  itself  to  discussing  what  seem  to  be  the 
most  essential  problems  in  the  light  of  the  more  recent  contributions. 


Much  unnecessary  work  and  many  misleading  statements  would 
have  been  avoided  in  the  past  if  more  attention  had  been  given  to 
these  essential  points.  Not  all  sudden  attacks  of  dyspnea  and  con- 
vulsions in  injected  guinea  pigs,  or  of  cardiac  syncope  or  cutaneous 
irritation  in  man,  are  manifestations  of  anaphylaxis,  or  are  even  related 
to  this  condition  beyond  in  a  greater  or  less  similarity  of  these  par- 
ticular sjnnptoms.  Even  distention  of  the  lungs  in  guinea  pigs,  cir- 
culatory disturbances  in  rabbits,  or  splanchnic  congestion  in  dogs, 
following  intravascular  injections  of  foreign  materials,  are  not  neces- 
sarily proof  of  a  true  anaphylactic  reaction,  for  each  and  all  may  be 
produced  by  materials  or  under  conditions  that  surely  do  not  involve 
the  same  processes  that  are  responsible  for  the  reaction  which  occurs 
when  a  small  quantity  of  an  otherwise  harmless  protein  is  injected  into 
an  animal  that  has  been  previously  prepared  at  a  sufficiently  great 
interval  of  time,  by  injection  of  the  same  protein.  We  must  grant 
that  this  last  is  true  anaphylaxis,  and  must  demand  that  the  term 
anaphylaxis  be  limited  to  conditions  that  result  from  a  similar  mechan- 
ism within  the  body  of  the  reacting  animal.  At  least  the  following 
criteria  must  be  met: 
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1.  The  observed  toxicity  of  the  injected  material  must  depend  upon 
the  sensitization  of  the  animal;  i.e.,  the  substance  must  not  produce 
similar  s}Tnptoms  in  non-sensitized  animals. 

2.  The  symptoms  produced  must  be  those  characteristic  of  anaph}^- 
lactic  intoxication  as  observed  in  the  usual  reactions  with  typical 
soluble  proteins,  being  therefore  the  same  for  all  antigens  with  the  same 
test  animal,  but  differing  characteristically  with  each  species  of  animal. 

3.  It  should  be  possible  to  demonstrate  passive  sensitization  with 
the  serum  of  sensitized  animals. 

4.  It  should  be  possible  to  demonstrate  typical  reactions  in  the 
virgin  guinea  pig  uterus  strip. 

5.  It  should  be  possible  to  demonstrate  amehoration  or  prevention 
of  the  bronchial  spasm  in  guinea  pigs  by  proper  use  of  atropin  and 
epinephrin. 

6.  The  possibiHty  that  the  observed  symptoms  are  caused  by  capil- 
lary thrombosis  or  embolism  must  be  excluded. 

7.  After  recovery  from  anaphylactic  shock  there  should  be  exhibited 
a  condition  of  desensitization  under  proper  conditions. 

We  know  that  the  foregoing  conditions  are  fulfilled  in  the  typical 
anaphylactic  reaction  with  soluble  protein  antigens.  Reactions  pro- 
duced by  substances  not  coming  within  this  class  cannot  properly  be 
considered  as  true  anaphylactic  reactions  unless  they  can  be  demon- 
strated to  exhibit  the  same  phenomena.  The  term  allergy  is  broad 
enough  to  cover  all  those  manifestations  of  altered  reactivity  and  to 
indicate  their  relationship  to  one  particular  form  of  allergy,  anaphylaxis. 

An  important  series  of  papers  by  Karsner  and  Hanzlik  (2)  demon- 
strates the  common  sources  of  error  in  much  of  the  published  work  on 
anaphylaxis,  and  especially  on  the  supposed  formation  of  anaphyla- 
toxin  in  vitro  by  other  than  antigen-antibody  reactions.  It  will  be 
recalled  that  Friedberger,  Bordet,  Novy  and  DeKruif,  and  others, 
have  observed  symptoms  considered  to  be  characteristic  of  anaphylaxis 
following  intravenous  injection  into  animals  of  scrum  that  has  l)een 
acted  upon  by  colloids,  such  as  agar  and  inulin,  or  suspensions,  such  as 
kaolin  or  starch,  or  after  injection  of  these  same  colloids  or  suspensions. 
Likewise,  anaphylactic  shock  is  said  to  have  followed  intravenous 
injections  of  acacia,  arsphenamine  and  many  other  substances  used  in 
human  therapeutics.  In  most  of  the  animal  experimentation  the  proof 
of  the  anaphylactic  character  of  the  reaction  has  rested  not  only  on 
symptomatology  but  also  on  the  presence  of  apparently  typical  bron- 
chial spasm  with  persistent  pulmonary  distention  in  guinea  pigs,  or 
fall  in  blood  pressure  with  splanchnic  congestion  in  dogs. 
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Karsner  and  Hanzlik  show  that  agar  and  numerous  other  substances 
produce  "anaphylactoid"  symptoms  after  intravenous  injection,  by 
virtue  of  their  causing  occlusion  of  the  pulmonary  capillaries  by  throm- 
bosis or  by  agglutinated  corpuscles  or  platelets.  With  such  capillary 
obstruction,  which  is  demonstrated  both  by  finding  the  emboli  and  by 
the  stoppage  of  perfusion  fluids  injected  into  the  pulmonary  vessels, 
there  may  occur  a  marked  bronchial  constriction  which  causes  asphyxia 
and  permanent  distention  of  the  lungs.  This  bronchial  constriction, 
which  has  commonly  been  interpreted  as  proof  of  a  true  anaphylactic 
shock,  differs  from  that  of  true  anaphylaxis  in  not  depending  on  a  con- 
traction of  the  bronchial  musculature,  which  they  contend  is  shown  by 
the  failure  of  epinephrin  and  atropin  to  influence  the  respiratory 
effects  of  agar  in  the  same  way  that  they  control  anaphylactic  bronchial 
spasm.  "On  the  basis  of  the  results  obtained  with  atropin  and  epi- 
nephrin, the  mechanism  of  the  action  of  agar  and  similar  agents  bears 
no  relationship  to  true  anaphylaxis  or  anaphylactic  shock."  How  the 
"passive  broncho-constriction"  of  agar  intoxication  is  produced  is  not 
altogether  satisfactorily  explained. 

The  agar  forms  thrombi  which  block  the  small  pulmonary  vessels,  surrounding 
the  bronchioles,  which  in  turn  are  compressed  by  the  vis  a  tergo  of  the  pulmonary 
flow  from  the  right  heart  of  the  intact  animal,  and  of  the  perfusion  fluid  in  sur- 
viving lungs.  In  the  perfused  lung  the  flow  of  perfusion  fluid  stops.  The  com- 
pressed bronchioles  are  sufficiently  narrowed  in  caliber  to  prevent  the  escape  of 
the  air  forced  in  by  the  violent  efforts  of  inspiratory  dyspnoea  of  the  intact 
animal  and  the  artificial  respiration  of  the  perfused  lungs.  In  other  words  there 
is  a  passive  broncho-constriction  (really  a  compression  of  the  bronchi),  and  as 
a  result  permanent  inflation  of  the  lung It  is  conceivable  that  addi- 
tional broncho-constriction  is  superimposed  as  a  result  of  central  asphyxial  stim- 
ulation of  the  vagus  (parasympathetic)  on  the  passive  constriction  primarily 
brought  about. 

The  capacity  of  agar  to  produce  agglutination  of  red  corpuscles  is 
very  marked.  Concentrations  as  low  as  0.001  per  cent  cause  aggluti- 
nation in  vitro,  while  the  corresponding  figures  for  other  colloids 
(e.g.,  acacia,  1.0;  althea,  0.08;  coUargol,  0.005;  gelatin,  0.05;  nuclein, 
0.5;  beef  serum,  0.005  per  cent)  indicate  their  capacity  to  cause  ana- 
phylactoid symptoms  when  injected  intravenously.  Therefore  it  is 
not  surprising  that  on  intravenous  injection  "the  quantity  of  agar 
necessary  to  produce  profound  effects  and  even  death,  is  remarkably 
small,  namely,  about  0.014  to  0.05  mgm.  per  gram  of  body  weight,  or 
about  0.014  to  0.025  per  cent  concentration  of  agar  in  the  blood." 
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Perhaps  it  should  be  added  that  ''no  emboh,  thrombi  or  conghitinated 
corpuscles  were  demonstrable  in  perfused  or  intact  lungs  of  anaphy- 
lactic shock,  after  peptone,  certain  serums  and  histamine.  All  of 
these  agents  were  also  active  smooth  muscle  stimulants  in  other  regions 
besides  bronchi,  namely  uterus  and  intestine." 

With  the  above  facts  established  it  must  be  recognized  that  much  of 
the  work  published  and  interpreted  as  anaphylaxis  deals  rather  with 
anaphylactoid  phenomena.  In  working  with  vegetable  proteins,  the 
danger  of  confusion  of  capillary  embolism  is  particularly  marked,  since 
many  plant  products  are  powerfully  hemagglutinative,  especially 
extracts  from  the  leguminous  seeds,  while  many  vegetable  proteins  are 
thrown  out  of  solution  by  serum.  ^  I  have,  therefore,  usually  selected 
the  intraperitoneal  route  with  the  view  of  avoiding  these  sources  of 
error.  Karsner  and  Hanzlik  have  not  investigated  the  amount  of 
obstruction  to  pulmonary  capillaries  that  may  follow  intraperitoneal 
injection  of  foreign  colloids.  Presumably  it  is  much  less,  and  perhaps 
entirely  absent,  but  they  do  mention  some  slight  pulmonary  symptoms 
following  subcutaneous  injections  of  thromboplastic  agents.  Certainly 
in  anaphylactic  investigations,  especially  when  the  intravenous  injec- 
tion is  used,  the  burden  of  proof  of  the  nature  of  observed  reactions  lies 
heavily  upon  the  investigator. 

NATURE  OF  THE  ANTIGENS   (aNAPHYLACTOGENS) 

It  now  seems  to  be  generally  accepted  that  true  anaphylaxis  repre- 
sents an  antigen-antibody  reaction,  but  as  yet  there  is  not  such  com- 
plete agreement  as  to  what  the  antibody  is  or  as  to  what  substances 
may  behave  as  antigens  in  this  particular  reaction,  i.e.,  ana])hylac- 
togens.  There  is  no  doubt  that  any  solul)le  protein  which  can  act  as 
an  antigen  in  other  immunological  reactions  can  act  as  an  anaphylac- 
togen,  and  the  only  soluble  proteins  as  yet  found  not  to  be  antigenic 
are  those  which  are,  from  the  chemical  sense,  incom])lete  ])roteins. 
As  might  be  expected,  such  proteins  as  have  a  very  small  variety  of 
amino  acids  are  the  chief  examples  of  the  non-antigenic  i^roteins, 
notably  the  protamines  and  histones  (3) ;  also  the  cominonly-occurring 
complexes  of  these  with  non-protein  radicals,  notal)ly,  the  nucleopro- 
teins   (4)   or  hemoglobins   (5).     However,   so   complex   and   soluble   a 

'  Undoubtedly  the  results  obtained  with  the  juice  of  Cotyledon,  arhcidcckeri  by 
Kritchewsky  (94)  are  merely  anaphyhictoid  ])hcnomena  from  a  hemagghitinative 
and  precipitating  plant  extract. 
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protein  as  gelatin  seems  to  have  absolutely  no  antigenic  power,  whether 
tested  by  anaphylaxis  or  by  more  sensitive  methods,  as  shown  conclu- 
sively by  the  careful  work  of  Strain  (6).  As  the  chief  known  difference 
between  gelatin  and  the  proteins  that  do  exhibit  antigenic  properties 
lies  in  an  almost  complete  absence  of  tryptophane  and  tyrosine  and  a 
very  low  phenylalanine  content,  it  would  seem  probable  that  it  is  this 
deficiency  in  aromatic  amino  acids  that  is  responsible  for  the  lack  of 
antigenic  capacity.  Furthermore,  there  do  exist  proteins  which  lack 
one  or  more  amino  acids  which  are  commonly  present  in  typical  pro- 
teins, yet  which  are  strongly  antigenic  (e.g.,  zein  from  corn,  which 
lacks  glycine  and  tryptophane;  gliadin  of  wheat  and  rye,  or  hordein  of 
barley,  which  contain  no  glycine  or  lysine  and  very  little  arginine  or 
histidine)  (7).  The  fact  that  these  three  last  proteins,  which  are  so 
extremely  poor  in  diamino  acids,  are  potent,  while  the  protamines 
which  consist  chiefly  of  diamino  acids,  are  inert,  suggests  that  these 
three  diamino  acids  are  not  of  importance  in  the  anaphylactic  activity 
of  proteins,  but  since  no  protein  is  known  which  does  not  contain  either 
histidine  or  arginine,  we  cannot  prove  this  point  as  it  seems  to  be 
proved  for  lysine. 

Solubility  of  the  protein  is  essential,  since  although  insoluble  pro- 
teins may  eventually  be  brought  into  solution  in  the  animal  body,  the 
process  is  too  slow  to  bring  about  reactions,  and  also  it  is  probably 
accompanied  by  disintegration  of  the  protein  molecule.  Heat,  of 
degrees  that  do  not  disintegrate  the  proteins,  affects  them  only  to  the 
extent  that  it  makes  them  insoluble.  There  are,  however,  only  a  few 
known  proteins  that  are  not  made  insoluble  by  heat,  and  these,  except 
gelatin,  are  antigenic  despite  boiling,  these  being  casein  (8) ,  ovomucoid 
(9),  the  so-called  proteoses  of  plant  seeds  (10),  beta-nucleoproteins  (4) 
And  perhaps  the  capsular  substance  of  pneumococci  (11).  Compound 
proteins  will  produce  anaphylaxis  if  they  are  soluble  and  if  the  protein 
constituents  are  themselves  antigenic,  but  apparently  not  when  the 
protein  radical  is  a  non-antigenic  histon  or  protamin.  Thus,  alpha- 
mucleoproteins  (4)  and  hemoglobin  (5)  are  non-antigenic,  while  mucins 
((12),,  beta-nucleoproteins  (4)  and  hemocyanin  (13)  are  antigenic. 

A  suggestive  observation  on  the  requirements  necessary  for  ana- 
pliylactogenic  activity  is  furnished  by  Ten  Broeck's  observations  (14) 
with  the  racemized  proteins  of  Dakin.  These  proteins,  presumably 
because  of  changes  in  structural  configuration,  are  not  attacked  by  the 
ordinary  proteolytic  enzymes,  and  likewise  they  do  not  exhibit  ana- 
jphylactogenic  properties.     Landsteiner's  (15)  studies  on  the  precipitin 
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reaction  with  azotized  proteins  have  led  him  to  the  conchision  that 
the  significance  of  the  proteins  for  the  usual  immunity  reactions, 
except  for  their  immunizing  capacity,  does  not  depend  so  much  upon 
their  particular  chemical  structure  as  on  their  molecular  size  and  the 
properties  depending  thereon.  Such  large  molecular  complexes  may 
be  able  to  react  with  antibodies  even  when  incapable  of  engendering 
their  formation. 

The  question  whether  anything  less  than  an  entire  protein  molecule 
can  act  as  an  anaphylactogen  has  been  the  subject  of  much  investiga- 
tion. Although  I  have  always  obtained  negative  results  with  numer- 
ous products  of  protein  cleavage,  nevertheless  Fink  (16),  making  in  my 
laboratory  an  extensive  study  of  proteose  fractions  obtained  from 
coagulated  egg  white  by  hydrolysis  with  steam  under  pressure,  did  find 
evidence  of  a  very  slight  anaphylactogenic  property  in  those  fragments 
that  were  precipitated  at  f  and  complete  saturation  with  ammonium 
sulphate,  but  not  with  fractions  precipitated  at  J,  ^,  J  and  f  satura- 
tion. However,  these  reactions  consisted  only  of  slight  symptoms 
even  after  intracardiac  injections  of  25  to  50  mgm.  of  proteose,  and 
were  of  significance  chiefly  because  similar  symptoms  were  not  pro- 
duced by  the  other  fractions  and  because  positive  precipitin  and  com- 
plement fixation  reactions  were  obtained  with  these  same  two  fractions 
only.  This  result  is  particularly  surprising  since  it  would  be  expected 
that  the  fractions  precipitated  by  smaller  concentrations  of  ammonium 
sulphate  would  represent  larger  molecules  more  closely  resembling  the 
intact  protein  molecule. 

Fink  gives  an  elaborate  critical  review  of  the  published  work  on 
antigenic  properties  of  the  cleavage  products  of  proteins,  which  indi- 
cates mainly  that  much  of  it  is  worthless,  and  that  there  is  no  con- 
clusive evidence  of  anaphylactic  or  other  immunological  reactions 
having  been  produced  with  proteoses  and  peptones,  beyond  the  very 
slight  positive  evidence  that  he  has  secured  with  his  own  carefully  pre- 
pared materials.  The  obvious  source  of  error  in  much  of  this  work  lies 
in  the  fact  that  ''proteose"  and  ''peptone''  preparations  generally  are 
themselves  active  stimulators  of  smooth  muscle  and  perhaps  capillary 
poisons  (Dale),  in  animals  that  are  not  sensitized,  and  hence  observed 
symptoms  can  differ  in  sensitized  and  nonsensitized  animals  only 
quantitatively.  They  readily  produce  anaphylactoid  manifestations 
on  intravenous  injection.  Corroborating  this  interpretation  of  the 
supposed  positive  anaphylaxis  reactions  with  proteoses  is  the  fact  that 
nearly  all  attempts  to  produce  precipitins  or  complement-l)inding  anti- 
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bodies  with  the  same  protein  cleavage  products  have  given  negative 
results. 

It  is  appalling  to  observe  the  amount  of  uncritical  work  done  with 
unpurified,  unanalyzed  commercial  ''peptones,"  usually  Witte's  prod- 
ucts. Such  work  can  produce  absolutely  no  usable  evidence  con- 
cerning most  of  the  problems  under  investigation,  since  the  source  and 
composition  of  the  material  is  entirely  unknown  to  the  investigator, 
and  it  has  been  repeatedly  shown  that  Witte's  peptone  is  a  mixture  of 
widely  varying  composition  in  different  samples. 

If  no  positive  results  can  be  obtained  with  most  of  the  fractions  of 
protein  cleavage,  including  digestion  mixtures  of  varying  sources,  but 
containing  usually  all  the  cleavage  products  from  proteoses  through 
peptones  and  polypeptids  to  amino  acids,  it  is  not  easy  to  accept  the 
statement  that  anaphylaxis  can  be  produced  by  synthetic  polypeptids, 
even  one  containing  14  molecules  of  leucine  and  glycine  ( Abderhalden , 
17),  still  less  the  positive  results  of  Zunz  (18)  with  much  simpler  poly- 
peptids (3-5  glycylgly cine) .  These  reactions  were  obtained  after 
intravenous  injections  of  the  peptids  into  sensitized  rabbits,  and  con- 
sisted of  fall  of  blood  pressure,  increased  rate  of  respiration  and  expul- 
sion of  feces  and  urine,  but  these  reactions,  sUght  as  they  are,  were  by 
no  means  constant,  and  occurred  under  very  particular  conditions,  e.g., 
positive  results  with  animals  sensitized  with  six  intraperitoneal  injec- 
tions at  weekly  intervals,  but  not  in  animals  that  received  six  sub- 
cutaneous injections  at  similar  intervals.  No  other  species  of  animals 
seems  to  have"  been  tried,  and  it  seems  most  improbable  that  the 
reactions  observed  would  fulfil  the  requirements  for  proof  laid  down  in 
the  opening  section  of  this  review.  Certainly,  in  view  of  the  possible 
sources  of  such  reactions  independent  of  true  anaphylactic  shock,  and 
the  large  number  of  negative  results  with  peptones  and  digestion  mix- 
tures, the  acceptance  of  the  results  yet  obtained  with  synthetic  poly- 
peptids as  proof  of  their  antigenic  activity  will  require  much  more 
convincing  evidence  than  any  that  has  yet  been  produced. 

There  still  remains  no  satisfactory  proof  that  anything  except  pro- 
teins can  act  as  anaphylactogens.  Even  some  definite  antigens,  whose 
protein  nature  is  doubtful,  are  not  anaphylactogens  in  the  strict  sense, 
namely,  true  soluble  toxins  and  tuberculin,  despite  the  fact  that  they 
do  produce  a  certain  type  of  hypersensitiveness  (see  Coca,  1).  While 
many  attempts  have  been  made  to  establish  the  antigenic  activity  of 
lipoids  by  means  of  the  precipitin  and  complement  fixation  reactions, 
the  lack  of  solubility  of  the  lipoids  has  made  them  unsuitable  for  ana- 
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phylaxis  studies.  Although  a  few  studies  with  such  material  have 
been  reported  to  give  positive  results,  it  is  probable  that  these  are  all 
erroneous  (see  White,  19).  Certainly  as  yet  the  antigenic  capacity  of 
lipoids  has  not  been  established. 

On  the  other  hand  drugs  and  chemicals  of  manj-  sorts  have  produced 
both  local  and  sj^stemic  reactions  that  have  been  interpreted  as  ana- 
phylaxis. Especially  is  this  true  of  mercurials,  salvarsan  and  other 
arsenicals,  iodin  and  bromine  and  compounds  thereof;  also  innumerable 
alkaloids  (e.g.,  quinine,  atropin)  sj^nthetic  organic  compounds  (sali- 
cjdates,  antipyrine)  and  various  vegetable  oils,  resins,  etc.  The 
evidence  concerning  the  reactions  produced  by  these  substances  has 
been  thoroughly  review^ed  by  Coca,  who  concludes  that  their  anaphy- 
lactic nature  has  not  been  established.  Wolff -Eisner  has  advanced 
the  hypothesis  that  drug  reactions  may  be  produced  by  the  ])loo{l  or 
tissue  proteins  altered  by  the  chemical  so  that  they  are  as  foreign  pro- 
teins to  the  injected  animal.  As  yet  this  hypothesis  is  unproved, 
although  it  is  worth  more  extended  and  careful  investigation  than  it 
has  yet  received.  It  is  probable  that  many  of  the  systemic  reactions 
observed  after  intravenous  injections  of  arsenicals  and  other  sub- 
stances are  not  anaphylactic  but  anaphylactoid,  and  dependent  upon 
capillary  thrombosis,  agglutination  emboli,  or  capillary  toxicity,  after 
the  order  of  the  results  obtained  by  Karsner  and  Hanzlik.  The  failure 
to  produce  passive  anaphylaxis  with  the  serum  of  persons  hypersensi- 
tive to  drugs,  the  failure  to  secure  convincing  active  sensitization  in 
guinea  pigs,  the  number  of  instances  in  which  drug  hy])ersensitiveness 
is  exhibited  on  the  first  injection  and  those  in  which  heredity  is  evi- 
dently responsible,  and  the  numerous  points  of  difference  from  true 
anaphylactic  reactions,  all  make  the  identity  of  drug  hypersensitivity 
with  true  antigen-antibody  anaphylaxis,  a  matter  of  great  imi)rol)abiliy. 

THE  NATURE  OF  THE  IMMUNE-BODY 

Anaphyladin,  sensihiUzin,  s^ensitizin 

The  demonstration  that  anaphylactic  sensitization  can  be  trans- 
ferred to  a  normal  animal  by  injection  of  blood  or  serum  from  a  sensi- 
tized animal,  has  been  generally  accei)<ed  as  estal)lishing  anai)hylaxis 
as  a  typical  antigen-antibody  reaction.  Doerr  and  Huss  added  im])or- 
tant  support  to  this  view  by  showing  that  the  i)otency  of  a  serum  in 
conferring  passive  sensitization  varies  in  direct  proportion  to  its  content 
in  precipitins.     Zinsser  states  that   "The  principle  that  ana])hylaxis 
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depended  directly  on  the  meeting  of  the  antigen  with  its  specific  anti- 
body has  never  been  seriously  questioned  since  that  time."  Three 
main  questions  have  remained  unsolved,  however,  namely:  a.  Is  the 
sensitizing  antibody  the  same  as  the  precipitin  or  the  complement- 
fixing  antibody?  h,  Where  does  the  reaction  of  antigen  and  antibody 
take  place?  c,  How  does  this  reaction  produce  the  manifestations  of 
anaphylactic  shock? 

THE  RELATION   OF   PRECIPITIN   TO    THE   SENSITIZING   ANTIBODY 

An  attractive  hypothesis  is  that  there  are  two  fundamental  types  of 
immunity  reactions.  One,  having  to  do  with  substances  which  are 
essentially  active  poisons,  neutralizes  or  inhibits  their  toxicity  by  direct 
chemical  action  (see  Zinsser,  1).  In  this  group  come  the  antitoxins 
and  the  antibodies  for  enzymes,  venoms,  poisonous  vegetable  proteins 
(ricin,  abrin,  etc.)  and  various  bacterial  hematotoxins.  It  is  to  be 
noted  that  these  active  substances  are  all  similar  to  one  another  in 
being  classed  as  large  colloidal  aggregates,  resembling  proteins,  but  not 
yet  identified  as  proteins.  The  other  group  of  immunity  reactions  is 
concerned  with  defense  against  foreign  proteins,  whether  toxic  or  non- 
toxic and  whether  in  solution  or  aggregated  into  cells  (bacteria,  cor- 
puscles, tissue  cells).  In  all  the  reactions  of  this  group  we  deal  with 
processes  that  tend  to  alter  the  colloidal  state  of  the  foreign  proteins, 
by  making  them  larger  aggregates  (precipitation,  agglutination)  or 
smaller  aggregates  (proteolysis,  hemolysis,  bacteriolysis,  cytolysis), 
and  in  each  case  the  reaction  consists  of  two  separable  steps,  sensitiza- 
tion and  reaction.  It  is  tempting  to  accept  the  view,  championed 
especially  by  Friedberger,  that  in  this  second  group  of  reactions  but 
one  and  the  same  antibody  is  concerned,  and  that  all  the  reactions  are 
essentially  the  same,  differing  merely  in  the  method  by  which  the 
reaction  is  demonstrated.  There  are,  indeed,  many  facts  capable  of 
interpretation  as  supporting  this  hypothesis,  but  there  are  still  other 
items  that  do  not  harmonize  with  it,  notably  the  lack  of  constant 
quantitative  relations  between  the  different  reactions  produced  by  the 
same  immune  serum,  and  as  yet  it  is  neither  established  nor  completely 
disproved. 

Anaphylaxis  obviously  comes  into  the  second  class  of  "proteolytic*' 
immune  reactions,  and  the  identity  of  the  sensitizing  antibody  and  the 
precipitin  has  been  strongly  supported.  Several  observers  have  found 
that  the  relative  proportion  of  precipitin  and  sensitizing  antibodj^ 
runs  parallel  in  immune  sera  (Friedberger,  Doerr  and  Russ)  and  I  have 
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myself  observed,  in  studying  the  development  of  antibodies  in  animals 
immunized  to  vegetable  proteins,  that  the  precipitins  appear  together 
with  the  capacity  to  confer  passive  sensitization  (20).  Richard  Weil 
(21)  added  much  support  to  this  contention  by  finding  that  the  pre- 
cipitate obtained  when  immune  serum  reacted  with  the  specific  protein, 
and  washed  free  from  the  serum,  conferred  passive  sensitization  to  the 
specific  antigen  when  injected  into  guinea  pigs,  if  the  proportion  of 
antiserum  and  antigen  had  been  suitably  selected  in  producing  the 
precipitate.  Mechanical  carrying  down  of  serum  antibodies  was 
excluded  by  appropriate  experiments.  Although  it  was  found  that  if 
immune  serum  is  heated  at  70°  for  one-half  hour  it  loses  its  precipitat- 
ing power  but  not  its  capacity  for  passive  sensitization,  Weil  did  not 
consider  this  as  evidence  of  a  separation  of  precipitin  and  sensitizin,  but 
interpreted  it  as  indicating  that  only  the  thermostable  combining 
(haptophore)  group  of  the  antibody  is  essential  to  passive  sensitization. 
"The  fact  that  the  coexistence  of  antigen  in  the  same  fluid  may  inhibit 
the  precipitating  power  of  antibody,  while  only  partially  interfering 
with  the  sensitizing  function,  may  explain  the  divergence  in  the  litera- 
ture between  those  who  maintain  that  precipitin  and  sensitizin  run 
parallel  in  immune  serum  and  those  who  deny  this  relationship."  The 
precipitates  produced  in  the  precipitin  reaction  contain  both  antigen 
and  antibody,  since  they  sensitize  both  actively  and  passively,  and 
Weil  believed  that  both  antigen  and  precipitin  can  be  separately 
extracted  from  such  precipitates  by  suitable  procedures.  Although 
Coca  (22)  was  unable  to  repeat  Weil's  experiment  with  washed  pre- 
cipitin-antigen  precipitate,  yet  he  did  secure  further  evidence  that 
precipitin  and  sensitizing  antibody  are  identical. 

Granting  the  identity  of  precipitin  and  sensitizing  antibody,  one 
must  consider  the  relation  of  both  to  the  complement  fixing  anti])ody, 
which  numerous  observers  have  maintained  is  identical  with  the  pre- 
cipitin (23).  The  assumption  of  identity  of  the  sensitizin  and  the 
complement  fixation  antibody  is  the  basis  of.  Friedberger's  classical 
experiments  on  the  production  of  a  poison,  supposed  by  him  to  be 
responsible  for  anaphylaxis,  by  digestion  of  sensitized  proteins  with 
complem'ent.     This  topic  will  receive  consideration  later. 

THE   SITE    OF   THE    REACTION 

The  earlier  view  that  anaphylaxis  resulted  from  reaction  of  antigen 
and  antibody  in  the  circulating  l)lood  was  sliaken  by  the  observation 
that  in  passive  sensitization  of  guinea  pigs  there  is  a  latent  period  of  at 
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least  four  hours  before  the  animal  becomes  sensitive,  and  that  simul- 
taneous injection  of  antigen  and  antiserum  produce  no  effects.  This 
fact  is  difficult  to  explain  if  antigen  and  antibody  react  in  the  circulat- 
ing blood,  but  fits  in  well  with  the  hypothesis  that  the  latent  period  is 
required  for  the  antibody  to  enter  the  cells  and  render  them  sensitive. 
The  humoral  reaction  hypothesis  was  rendered  untenable  as  a  complete 
statement  b}^  the  observation  of  Schultz  that  isolated  segments  of 
intestine  from  sensitized  animals  reacted  to  the  specific  antigen  by 
contraction,  and  by  the  development  and  refinement  of  this  prin- 
ciple especially  by  Dale  and  Weil.  It  has  now  been  estal)lished  that 
isolated  non-striated  muscle  tissue,  washed  as  free  as  possible  from 
blood,  will  give  strong  contractions  immediately  it  is  brought  into  con- 
tact with  even  very  dilute  solutions  of  the  specific  antigen,  and  only 
with  the  specific  antigen.  The  possibility  that  even  the  most  careful 
washing  out  by  perfusion  methods  may  leave  blood  in  some  of  the 
capillaries,  especially  emphasized  by  Larson  and  Bell  (24),  seems  to  be 
eliminated  as  an  explanation  of  the  positive  results,  both  by  quantita- 
tive considerations  and  by  the  observation  of  Weil  (25)  that  uterine 
muscle  of  a  passively  sensitized  guinea  pig  does  not  react  to  the  antigen 
during  the  latent  period  (even  if  not  perfused  and  full  of  blood)  although 
at  this  time  the  blood  in  the  uterus  contains  an  abundance  of  anti- 
bodies. On  the  other  hand  a  very  much  smaller  dose  of  antiserum, 
even  when  followed  by  careful  perfusion  twenty-four  hours  later,  has 
then  rendered  the  uterine  muscle  highly  reactive  to  the  specific  antigen. 
Besredka  (1),  who  was  one  of  the  earliest  supporters  of  the  "cellular 
theory"  of  anaphylaxis,  believed  that  the  reaction  occurred  in  the  cells 
of  the  central  nervous  system,  but  this  localization  is  excluded  by  many 
experiments  which  show  that  anaphylactic  reactions  occur  in  tissues 
entirely  disconnected  from  the  central  nervous  system,  as  well  as  by 
the  muscle  strip  experiments  mentioned  previously.  Another  form  of 
evidence  of  the  non-humoral  nature  of  anaphylaxis  is  furnished  by 
transfusion  experiments  (Manwaring,  Pearce  and  Eisenbrey,  Weil 
and  others)  which  show  that  the  blood  of  a  sensitized  animal  can  be 
replaced  with  the  blood  from  a  non-sensitized  animal  without  impairing 
its  sensitivity.  This  form  of  experiment  is  particularly  convincing 
when  passive  sensitization  is  employed  with  serum  of  known  sensitiz- 
ing power,  since  then  it  is  possible  to  know  surely  that  the  transfused 
animal  cannot  have  a  sensitizing  dose  of  antibodies  left  in  its  circulat- 
ing blood  (Coca,  26,  von  Fenyvessy  and  Freund,  27).  Furthermore, 
Doerr  and  Pick  have  observed  that  even  after  all  demonstrable  anti- 
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bodies  have  disappeared  from  the  circulating  blood  in  the  rabbit,  fatal 
anaphylactic  shock  may  be  produced. 

Not  only  do  we  have  all  this  evidence  of  the  cellular  site  of  the  ana- 
phylactic reaction,  but  in  addition  there  is  abundant  evidence  that  the 
presence  of  free  antibodies  in  the  blood  interferes  with  the  anaphylactic 
reaction  (Weil,  28)  presumably  by  binding  the  antigen  before  it  can 
reach  the  ''sessile''  receptors  within  the  cells.  This  is  the  explanation 
of  the  fact  that  repeated  injection  of  guinea  pigs  with  the  antigen 
renders  them  immune  rather  than  hypersensitive,  and  that  a  single 
large  dose  of  antigen  sensitizes  less  successful^  than  a  small  dose  of  the 
same  antigen. 

It  may  safely  be  said  that  at  least  the  essential  features  of  acute 
anaphylactic  shock  depend  upon  intracellular  reaction  between  antigen 
and  antibodies  that  have  been  withdrawn  from  the  circulating  blood 
and  fixed  within  the  cells.     Whether  the  reaction  which  presumal^h- 
occurs  between  antigen  and  the  free  antibodies  in  the  circulating  blood 
also  plays  any  part  whatever  in  anaphylaxis,  is  still  undetermined. 
Zinsser   (1)   believes  that  the   ''radical  cellular  interpretation  of  all 
phases  of  the  phenomena  of  anaphylaxis  goes  too  far."     Several  observ- 
ers have  reported  that  when  suitable  quantities  of  antigen  and  antibody 
are  used,  it  is  sometimes  possible  to  secure  passive  sensitization  without 
the  usual  period  of  incubation;  indeed  certain  workers  have  stated 
that  simultaneous  injection  of  antigen  and  antiserum  may  give  rise  to 
immediate   anaphylactic   reaction,    especially   in   rabbits.     The   chief 
objection  to  these  experiments  is  that  the  supposed  positive  results 
are  obtained  only  occasionally,  are  usually  very  slight  in  character  and 
without  the  necessary  regularity  to  be  convincing  evidence  of  a  funda- 
mental principle,  and  Weil  doubted  the  true  anaphylactic  character  of 
such  reactions  as  have  been  observed.     Friedemann  obtained  the  best 
results  with  simultaneous  intravenous  injections  of  antigen  and  anti- 
serum in  the  proportions  which  were  found  to  give  the  best  precipitin 
reactions  in  vitro,  which  suggests  the  possibility  that  the  symptoms 
observed  in  the  injected  rab})its  were  not  those  of  true  anaphylaxis, 
but  anaphylactoid  phenomena  produced  by  capillary  occlusion   from 
the  precipitate,  or  possibly  from  agglutination  of  red  cells  or  fibrin 
formation  incited  Ijy  the  precipitate,  for  it  has  been  shown  by  Doerr 
that  intravenous  injection  of  antigen-antiliody  precipitates  produces 
severe  symptoms. 

On  the  other  hand,  there  is  no  doubt  that  antigen-antil)ody  reactions 
do  produce,  at  least  in  vitro,  substances  that  are  eminently  injurious, 
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especially  on  intravascular  injection,  and  it  seems  reasonable  indeed 
to  believe  that  such  substances  may  be  produced  in  the  typical  ana- 
phylaxis reaction  and  play  some  part  in  it,  even  if  we  grant  that  the 
typical  acute  anaphylactic  shock  depends  on  reaction  within  certain 
tissue  cells.  For  example,  Manwaring  and  Kusama  (29)  found  that 
although  isolated  lungs  from  sensitized  guinea  pigs  exhibited  strong 
bronchial  constriction  when  perfused  with  the  specific  antigen,  they 
gave  still  stronger  reactions  when  the  blood  of  the  sensitized  animal 
was  present  in  the  perfusion  fluid.  Some  authors  have  advanced  the 
hypothesis  that  the  more  chronic  manifestations  of  anaphylaxis  (such 
as  fall  of  temperature  in  guinea  pigs,  the  splanchnic  engorgement  and 
hemorrhagic  enteritis  in  dogs)  depend  on  humoral  antigen-antibody 
reaction.  Weil's  demonstration  (25)  that  during  the  latent  period 
immediately  following  injection  of  immune  serum,  despite  the  presence 
of  abundant  antibodies  in  the  blood,  no  anaphylaxis  reaction  can  be 
obtained,  either  acute  or .  chronic,  makes  difficult  of  acceptance  the 
h5rpothesis  that  humoral  reactions  play  any  important  part  in  anaphy- 
laxis. 


For  a  time  in  the  history  of  the  study  of  the  anaphylaxis  reaction 
the  cause  of  the  intoxication  clearly  seemed  to  lie  in  the  products  of 
cleavage  of  foreign  proteins  into  toxic  elements  by  the  enzymes  of  the 
blood  or  the  tissues.  This  ''anaphylatoxin''  hypothesis  fitted  most  of 
the  known  facts  so  well,  and  was  so  perfectly  logical,  that  it  seemed 
almost  inevitable,  yet  at  the  present  time  it  appears  to  be  imtenable, 
in  the  face  of  existing  evidence,  as  the  final  explanation  of  anaphylaxis. 
It  rested  fundamentally  upon  three  sets  of  observations.  First,  the 
demonstration  by  Vaughan  that  from  almost  any  protein  a  highly 
poisonous  substance  can  be  produced  by  cleavage  under  suitable  con- 
ditions, and  that  this  substance  produces  effects  in  animals  much 
resembling  the  phenomena  of  anaphylactic  shock  or  subacute  ana- 
phylactic intoxication.  Second,  the  similarity  of  the  effects  produced 
by  intravenous  injection  of  Witte's  "peptone"  and  other  products  of 
protein  cleavage,  to  those  of  anaphylaxis.  Third,  the  demonstration 
by  Friedemann  and  Friedberger  of  the  highly  poisonous  character  of 
the  products  of  reaction  in  vitro  of  antigen,  antibody  and  complement. 
Taken  together  these  observations  seemed  to  indicate  plainly  enough 
that  anaphylaxis  was  a  typical  case  of  poisoning  by  products  of  specific 
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proteolysis  of  antigens  ])y  serum  complement  after  sensitization  of  the 
antigen  by  the  specific  anti]3ody.  Friedberger  especially  developed 
this  hypothesis,  although  others  had  preceded  him  in  producing  intoxi- 
cation of  animals  l^y  injecting  the  products  of  antigen-antibody-com- 
plement reaction. 

Friedberger  showed  that  such  toxic  products  were  formed  when 
precipitates,  resulting  from  the  reaction  of  antigen  and  specific  pre- 
cipitin (or  bacteria  or  other  cells  that  had  been  sensitized  with  the 
specific  cj^tolytic  amboceptor),  were  digested  for  a  suitable  period 
with  serum  complement.  Also  that  the  toxic  product  produced  symp- 
toms resembling  those  of  anaphylaxis  when  injected  intravenously 
into  animals,  and  that  these  symptoms  were  the  same  irrespective  of 
the  nature  of  the  antigen  used,  which  is  one  of  the  characteristic  fea- 
tures of  anaph3daxis  as  well  as  of  Vaughan's  products  of  protein  cleav- 
age. Furthermore,  too  long  digestion,  or  excessive  sensitization,  failed 
to  produce  the  '^anaphylatoxin,"  which  supported  the  view  that  the 
poison  represented  an  early  stage  in  protein  cleavage,  which  was 
destroyed  by  further  digestion. 

It  was  soon  found,  however,  that  this  so-called  anaphylatoxin  forma- 
tion was  not  a  specific  result  of  antigen-amboceptor-complement  reac- 
tion, as  identical  toxic  effects  are  produced  with  normal  serum  that 
has  been  digested  with  complement  in  the  presence  of  absolutely  inert 
materials,  such  as  kaolin,  barium  sulphate  and  agar.  Jobling  and 
Peterson  found  that  merely  extracting  the  lipoids  from  normal  serum 
and  then  letting  it  digest  itself  resulted  in  the  same  type  of  toxicity, 
and  they  agree  with  Bronfenbrenner  (30)  in  attril)uting  all  the  jwsitive 
results  in  this  type  of  experiment  to  a  removal  or  inhil)ition  of  anti- 
enzymes  present  in  normal  serum,  so  that  proteolysis  then  sets  in. 
Even  the  clotting  of  blood  or  plasma  may  produce  changes  which 
render  it  highly  toxic,  even  for  the  animal  from  which  it  came,  with 
the  same  anaphylaxis-like  manifestations  that  are  ])roduced  by  the 
toxic  sera  in  the  typical  anaphylatoxin  experiment. 

Despite  the  undeniable  fact  that  blood  sc^'um  may  l)e  made  highly 
toxic  when  digested  with  complement  und(M'  various  coiulitions,  and 
that  the  symptoms  which  follow  intravascular  injection  of  such  toxic 
sera  resemble  those  of  anaphylactic  shock  in  many  |)articulars,  never- 
theless the  responsibility  of  such  a  ])roducti()n  of  toxic  products  of 
protein  cleavage  for  the  explanation  of  nnaj)hyl:icti('  shock  fails  of 
proof.  Some  of  the  points  that  hav(^  bo(Mi  advanced  against  this  so- 
called  humoral  anaphylatoxin  theory  are  tlie  following: 
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1.  It  does  not  fit  with  the  latent  period  of  passive  sensitization. 
However,  intraceUular  formation  of  anaphylatoxin  might  account  for 
this  phenomenon. 

2.  Complement  is  not  essential,  since  animals  deprived  of  free  com- 
plement in  the  circulating  blood  may  still  give  anaphylactic  reactions. 
Here  again,  one  may  suggest  the  presence  of  intracellular  or  reserve 
complement. 

3.  All  attempts  to  prove  that  complement  is  a  proteolytic  ferment 
have  so  far  failed. 

4.  ''Anaphylatoxin"  activity  has  been  produced  in  serum  by  diges- 
tion in  the  absence  of  complement,  in  the  absence  of  antigen,  and  in 
the  absence  of  antibody.  On  the  other  hand,  if  antigen  and  the  spe- 
cific antibody  are  injected  simultaneously  into  the  opposite  jugular 
veins  of  a  guinea  pig,  the  animal  shows  no  evidence  of  intoxication. 

5.  In  the  anaphylatoxin  experiments  the  existence  of  capillary  embol- 
ism or  endothelial  intoxication  has  not  been  excluded,  and  there  is 
reason  to  believe  that  most  of  the  observed  symptoms  are  anaphy- 
lactoid rather  than  anaphylactic. 

6.  All  attempts  to  demonstrate  that  the  blood  of  animals  in  anaphy- 
lactic shock  contains  a  poison  responsible  for  the  observed  manifesta- 
tion, have  failed  (see  Weil,  31). 

The  theory  of  the  dependence  of  anaphylactic  intoxication  upon  the 
formation  of  non-specific  poisons  from  proteins  by  some  sort  of  fer- 
ment reaction,  received  its  most  severe  blow  in  the  clear-cut  experi- 
ments of  Dale  (32)  with  the  guinea  pig  uterus.  If  we  grant,  as  it  seems 
we  must,  that  stimulation  of  nonstriated  muscle  is  an  essential,  and 
probably  the  essential  feature  of  acute  anaphylactic  shock,  the  Schultz- 
Dale  method  portrays  the  reaction  without  the  possible  invalidating 
effects  of  capillary  thrombosis  or  agglutination  emboli.  The  fact  that, 
as  Dale  points  out,  the  specific  antigen,  when  introduced  into  a  bath 
containing  the  muscle  strip,  produces  a  reaction  immediately  it  comes  in 
contact  with  the  muscUj  and  quite  as  promptly  as  a  preformed,  diffusible 
stimulant,  such  as  histamine,  pilocarpine  or  pituitary  extract,  is 
difficult  to  reconcile  with  the  theory  that  the  stimulating  agent  is 
liberated  through  proteolysis.     Moreover,  says  Dale, 

Apart  from  the  absence  of  a  coarse  latent  period,  the  rest  of  the  time  relations 
of  the  effect  are  very  difficult  to  harmonize  with  any  form  of  ferment  theorj-.  On 
such  a  theory,  one  would  expect  a  gradual  onset  and  slow  rise  to  a  maximum. 
But  the  onset  fs  sudden,  and  the  rate  of  progress  to  the  maximum,  when  sensi- 
tiveness is  fully  developed  and  the  dosage  not  too  minute,  is  apparently  limited 
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only  by  the  contraction  rate  of  the  plain  muscle.  After  a  few  minutes  at  the  maxi- 
mum the  effect  begins  to  decline,  and  the  muscle  is  then  insensitive  to  further 
doses.  In  the  form  of  the  contraction  curve,  as  in  the  brief  latency,  the  effect 
recalls  that  of  a  powerful  stimulant  drug  added  directly  to  the  bath. 

These  observations  seem  to  exclude  not  only  the  humoral  site  of 
anaphylaxis  reaction,  but  also  to  rule  out  the  possibility  of  even  an 
intracellular  digestion  of  a  sensitized  antigen  b}^  a  ferment,  whether 
serum  complement  or  intracellular  proteoh^tic  enzymes. 

But  we  cannot  escape  the  fact  that  the  manifestations  of  anaphy- 
lactic shock  resemble  in  all  respects  those  of  an  acute  intoxication; 
furthermore,  that  histamine,  the  substance  which  produces  the  picture 
most  closely  resembling  that  of  typical  anaphylaxis,  is  a  product  of 
protein  cleavage  (see  Abel  and  Kubota,  33;  Dale,  34;  Hankb  and 
Koessler,  96).  Not  only  does  histamine  cause  bronchial  spasm  in 
guinea  pigs,  obstruction  to  pulmonary  circulation  in  rabbits  and  fall 
of  blood  pressure  in  dogs,  but  applied  to  the  skin  or  mucous  mem- 
branes, it  causes  marked  local  urticaria  resembling  closely  that  of  skin 
reactions  in  sensitized  persons,  and  it  does  all  these  things  in  extremely 
minute  dosage,  comparable  with  the  dosage  of  proteins  used  in  ana- 
phylactic reactions.  Furthermore,  its  antecedent  amino  acid,  histidine, 
is  present  in  every  known  complete  protein.  Other  pure  chemical 
products  of  protein  cleavage,  such  as  methyl  guanidine,  have  more  or 
less  similar  effects.  The  chief  respects  in  which  histamine  fails  to 
account  for  all  the  phenomena  of  anaphylaxis  are: 

1.  It  fails  to  desensitize  sensitized  animals  or  tissues  yet  produces 
strong  reactions  in  the  uterus  strip  that  has  been  thoroughly  desen- 
sitized (Dale,  32). 

2.  Histamine  does  not  produce  the  temperature  reactions  usual  in 
anaphylaxis. 

3.  Histamine  does  not  produce  the  changes  in  coagulalnlity  of  the 
blood  usual  in  anaphylaxis. 

4.  Quinine  augments  the  susceptibility  of  sensitized  animals  to  tlic 
foreign  protein  but  does  not  affect  the  intoxication  produced  ))y  his- 
tamine  (M.  I.  Smith,  35). 

Nevertheless,  histamine  seems  to  liave  a  synergetic  relation  to 
anaphylactic  shock,  probably  because  the  points  of  attack  of  histamine 
and  anaphylactic  reactions  are  identical  (35).  In  respect  to  item  one 
of  the  above  hst,  we  would  not  expect  histamine  to  desensitize  if  it  is 
the  active  product  of  an  antigen-ant i])ody  reaction,  since  it  is  this 
reaction  alone  that  is  prevented  })y  desensitization.     As  to  items  three 
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and  four,  it  may  well  be  that  these  phenomena  result  from  other 
products  of  the  antigen-antibody  reaction,  since  presumably  many 
different  substances  are  produced.  The  effect  of  quinine  (item  four) 
might  be  found  to  be  an  influence  on  the  antigen-antibody  reaction  if 
this  possibility  were  investigated. 

Moreover,  in  the  so-called  Abderhalden  reaction  we  have  evidence 
that  protein  cleavage  does  occur  in  mixtures  of  immune  serum  and 
specific  protein,  and  that  in  this  process  highly  active  toxic  substances 
are  produced  (Bronfenbrenner,  30).  For  whatever  may  be  said  con- 
cerning the  specificity  of  this  reaction,  there  undoubtedly  does  com- 
monly occur  a  greater  amount  of  proteolysis  in  such  mixtures  with  the 
specific  antigen  than  if  some  other  protein  is  present.  A  careful  study 
of  the  Abderhalden  reaction  (dialysis  method)  in  my  laboratorj^  by 
Elsesser  (36),  using  Osborne's  purified  vegetable  proteins,  showed  that 
in  spite  of  many  atypical,  irregular  and  illogical  results,  ''there  is  an 
obvious  tendency  for  a  substrate  to  react  more  often  and  yield  stronger 
reactions  when  tested  against  its  homologous  immune  serum,  than 
when  tested  against  a  heterologous  immune  serum." 

Also,  we  cannot  afford  to  overlook  the  important  fact  that  racemized 
proteins,  which  are  characterized  by  being  incapable  of  attack  by 
enzymes  in  vitro,  or  of  being  digested  and  metabolized  in  vivo,  are  also 
incapable  of  serving  as  antigens,  although  derived  from  proteins  which 
in  the  original  state  are  highly  antigenic. 

It  being  established  that  immune  sera  do  cause  proteolysis  of  spe- 
cific antigens,  or  at  least  produce  diffusible  cleavage  products  when  in 
contact  therewith,  and  since  the  intermediate  products  of  proteolysis 
are  unquestionably  toxic,  how  can  we  discard  entirely  the  possibility 
that  such  substances  do  arise,  and  play  at  least  some  part,  in  ana- 
phylaxis, even  if  we  can  exclude  proteolysis  as  the  responsible  factor  in 
the  immediate  contraction  of  non-striated  muscle  both  in  vivo  and  in 
vitro?  Furthermore,  since  the  so-called  anaphylatoxins  are  so  readily 
produced,  and  exert  such  a  profound  physiological  effect,  their  impor- 
tance in  human  pathology  must  be  considerable,  even  if  they  are  not 
responsible  for  typical  acute  anaphylactic  shock.  Such  observations 
as  those  of  Quenu  and  Delbet,  Cannon  (37)  and  others,  on  the  relation 
of  disintegration  of  traumatized  muscle  tissue  to  traumatic  shock, 
come  to  mind  in  this  connection. 

Although  we  are  justified  in  defining  sharply  the  limits  of  what  shall 
be  considered  as  true  anaphylaxis  in  discussing  and  studying  that  topic, 
phenomena  which  we  must  exclude  as  outside  those  limits  are  not 
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therefore  any  less  important.  They  mereh'  are  other  problems,  and 
presumably  related  problems,  but  how  much  bearing  they  have  on 
specific  anaphylaxis,  if  any,  we  do  not  know.  From  this  open  view- 
point as  a  contribution  to  our  knowledge  of  serum  toxicity,  the  exten- 
sive studies  of  Xovy  and  his  collaborators  (38)  arc  of  interest.  They 
corroborate  and  extend  the  findings  of  others,  that  the  serum  of  a  guinea 
pig  may  be  made  toxic  for  guinea  pigs  after  incubating  with  agar,  inulin, 
or  small  formed  particles,  such  as  trypanosomes  or  inorganic  precipi- 
tates, so  that  from  1  to  3  cc.  may  be  a  lethal  intravenous  dose.  Rat 
serum,  which  is  toxic  to  guinea  pigs  even  when  untreated  (3  to  4  cc. 
sometimes  being  fatal)  may  have  its  toxicity  enhanced  until  0.25  cc.  is 
lethal.  Also,  agar  and  other  substances  which  render  serum  poisonous 
in  vitro  are  also  very  toxic  when  injected  intravenously,  as  little  as 
9  mgm.  of  agar  per  kilo  of  guinea  pig  being  fatal.  But  even  unformed 
substances  may  render  serum  toxic,  e.g.,  peptone  solutions,  and  dis- 
tilled water  is  said  to  produce  ''anaphylatoxin"  in  rat  serum,  which 
Sachs  (39)  would  explain  by  the  precipitation  of  the  serum  globulins 
by  the  distilled  water,  thus  disrupting  the  colloidal  equilibrium  and 
permitting  the  formation  of  toxic  forms  of  colloids.  But  the  proof 
that  such  phenomena  are  the  same  as  those  underlying  the  specific 
antigen-antibody  reaction  of  anaphylaxis  has  not  been  furnished,  and 
the  term  anaphylatoxin  is  misleading,  especially  as  we  have  as  yet  no 
proof  that  a  toxic  material  is  formed  in  and  responsible  for  true  ana- 
phylaxis reactions.  Moreover,  the  "anaphylatoxins"  thus  formed 
(better  called  ''serotoxins")  seem  to  have  little  effect  on  rabbits, 
although  these  animals  are  far  from  insusceptible  to  anaphylaxis.  Xor 
can  we  reconcile  the  observation  that  the  mere  coagulation  of  blood 
renders  the  serum  highly  toxic,  with  the  known  facts  of  anaphylaxis. 
Unquestionably  the  readiness  with  which  blood  becomes  ])oisonous  is 
an  important  phenomenon,  and  presumably  it  plays  an  important  i^art 
in  patholog}',  but  that  this  phenomenon  is  responsible  for,  or  even 
related  to,  anaphylaxis,  has  yet  to  be  demonstrated.  Novy  and 
DeKruif  make  this  statement:  ''It  will  be  seen  that  the  phenomenon 
of  anaphylatoxin  production,  which  includes  anaphylaxis,  is  not  con- 
nected with  the  problem  of  immunity  except  so  far  as  it  sliows  the 
ready  response  of  a  labile  blood  constituent  to  an  alien  su])stance." 
But  anaphylaxis  is  a  definite  immunological  phenomenon,  and  if  the 
phrase  ''which  includes  anaphylaxis"  is  omitted  from  this  statement 
most  imm  nologists  will  agree,  accepting  the  indejK'ndence  of  so-called 
anaphylatoxin  formation  from  inununological  reactions  in  general  and 
from  anaphylaxis  in  particular. 
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But  if  we  discard  the  anaphylatoxin  theory  of  anaphylaxis,  we  are 
left  vNithout  an  explanation  of  the  very  striking  phenomena  of  anaphy- 
lactic shock,  for  no  satisfactory  substitute  hypothesis  has  been  pro- 
posed. Dale  (32)  suggests  that  "A  disturbance  of  the  conditions  of 
colloidal  solution  is  set  up  in  the  muscle  fibre,"  which  is  not  altogether 
satisfactory,  although  it  may  well  be  true.  Weil  speaks  of  a  **  cellular 
discharge"  which  is  even  more  vague.  Danyz  (40)  has  proposed  the 
hypothesis  that  anaphylaxis  is  merely  an  intracellular  or  intravascular 
*' indigestion,"  because  of  the  impossibility  of  transforming  colloidal 
antigen  into  crystalloids,  but  this  does  not  fit  at  all  the  known  facts  of 
the  character  of  the  reaction  in  isolated  tissues.  None  the  less,  the 
fact  that  slight  disturbances  in  the  equilibrium  of  plasma  colloids 
render  them  highly  toxic  is  an  outstanding  fact,  and  it  becomes  easily 
understandable  that  a  similar  alteration  in  colloidal  equilibrium  within 
the  cell  protoplasm  may  produce  equally  profound  intoxication  of  the 
cell,  and  at  present  there  is  a  growing  tendency  to  seek  an  explanation 
of  anaphylaxis  in  the  domain  of  colloidal  chemistry  (see  Zinsser,  1, 
Sachs,  39). 

PATHOLOGICAL    PHYSIOLOGY 

Anaphylactic  reactions  have  been  produced  in  many  species  of 
mammals,  but  only  in  the  guinea  pig,  rabbit  and  dog  has  the  process 
been  thoroughly  studied.  The  striking  fact  soon  developed  that  in 
each  species  the  phenomena  were  different,  and  always  the  same  in 
that  species  without  relation  to  what  antigen  was  being  used.  No 
matter  how  widely  separated  in  biological  origin  or  chemical  character 
the  antigenic  protein  might  be,  the  symptoms  produced  were  always 
the  same,  a  fact  which  gave  support  to  the  hypothesis  that  the  poison 
responsible  was  derived  from  the  proteins  of  the  sensitized  animal 
itself.  Auer  and  Lewis  demonstrated  that  in  the  guinea  pig  the  typical 
respiratory  difficulty  was  caused  by  a  spasm  of  the  bronchial  muscula- 
ture. Anatomical  studies  showed  that  the  guinea  pig  has  an  excep- 
tionally highly  developed  musculature  in  its  bronchi,  the  finer  bron- 
chioles being  practically  nothing  but  muscular  tubes,  possessing  also  a 
thick  folded  mucous  membrane.  More  recent  experiments  have 
shown  that  this  spasm  of  the  bronchioles  is  not  accompanied  by  a  corre- 
sponding spasm  in  the  blood  vessels,  since  perfusion  fluids  pass  through 
the  distended,  anaphylactic  guinea  pig  lung  without  obstruction. 

In  the  rabbit  this  lung  inflation  is  not  observed,  or  at  least  not  to 
any  corresponding  degree,   the  symptoms  being  chiefly  circulatory. 
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There  is  a  fall  in  arterial  blood  pressure,  slowing  of  the  heart  beat, 
with  marked  distention  of  the  right  side  of  the  heart.  Auer  believed 
that  these  changes  resulted  from  a  direct  effect  on  the  muscle  of  the 
right  ventricle,  and  the  isolated  hearts  of  both  rabbits  and  guinea  pigs 
do  give  reactions  in  vitro.  Coca  (41)  found  that  during  anaphylactic 
shock  the  rabbit's  lung  develops  a  greatly  increased  resistance  to  the 
passage  of  perfusion  fluids,  with  embolism  and  thrombosis  excluded, 
apparently  from  a  spasm  of  the  muscular  coat  of  the  arterioles,  which 
•explains  the  observed  symptomatology.  Here  again  histological  study 
offers  an  explanation,  since  the  pulmonary  arteries  of  the  rabbit  pre- 
sent a  remarkable  degree  of  muscular  development,  analogous  to  that 
of  the  guinea  pig  bronchioles. 

The  symptoms  produced  in  the  dog  are  again  quite  different  and 
distinctive.  Here  the  liver  and  splanchnic  circulation  show  the  most 
marked  effects,  becoming  tremendously  engorged  wdth  blood,  so  that 
the  systemic  blood  pressure  falls  because  depleted  of  blood.  Weil 
(42)  showed  that  this  was  a  local  reaction,  for  when  he  injected  the 
antigen  into  one  of  the  branches  of  the  portal  vein  supplying  a  single 
liver  lobe,  the  congestion  was  limited  to  this  lobe.  This  hepatic  effect 
has  generally  been  attributed  to  an  action  on  the  liver  cells,  especially 
since  it  is  accompanied  by  alterations  in  the  coagulability  of  the  blood, 
and  other  evidences  of  altered  hepatic  function,  such  as  reduced  capac- 
ity to  form  urea  from  ammonium  lactate  (Rumpf ,  43) .  A  more  plaus- 
ible and  logical  explanation  has  been  advanced  by  Simonds  (44)  who 
states  that  the  walls  of  the  hepatic  veins  of  the  dog  differ  from  those 
of  all  other  animals  in  the  great  development  of  their  musculature, 
inferring  that  the  hepatic  and  splanchnic  congestion  are  the  result  of 
spasm  of  the  hepatic  veins.  As  yet  the  necessary  tests  to  show  that 
occlusion  of  the  hepatic  veins  does  occur,  and  that  this  of  itself  can 
account  for  the  observed  phenomena  in  canine  anaphylaxis,  have  not 
been  reported. 

If  this  explanation  is  correct,  the  characteristic  features  of  acute 
anaphylactic  shock  in  different  species  depend  merely  on  differences  in 
the  distribution  of  non-striated  muscle  in  the  different  species.  We 
have  abundant  experimental  evidence  that  unstriated  muscle  of  all 
tissues  or  organs  is  stimulated  to  contraction  in  the  anaphylactic 
reaction,  which  explains  the  micturition  and  defecation,  and  j^erhaps 
the  erection  of  the  hairs  and  the  exophthalmos  obscrvc^d  in  anaphy- 
lactic shock.  Whether  the  marked  changes  in  the  heart  action,  some- 
times in  the  nature  of  heart  block,  revealed  in  the  anaphylactic  rabbit 
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by  electrocardiographic  methods  (Auer  and  Robinson,  45)  depend  on 
spasm  of  the  coronary  arteries,  on  reaction  of  the  heart  muscle  itself, 
or  on  the  pulmonary  obstruction,  is  not  known.  Presumably  the 
stimulation  of  unstriped  muscle  tissue  is  universal  [thus,  in  the  dog 
severe  bronchial  constriction  does  occur  even  with  the  liver  and  other 
abdominal  viscera  excluded  from  the  circulation  (Pelz  and  Jackson, 
46)],  and  the  symptoms  observed  depend  upon  the  degree  of  develop- 
ment of  these  muscles,  or  their  strategic  location,  in  different  organs  of 
different  species. ^  Corroborating  this  view  is  the  fact  that  fatal  ana- 
phylaxis reactions  in  man  are  practically  limited  to  persons  suffering 
from  chronic  asthma.^  In  such  persons  there  is  a  profound  thickening 
of  the  bronchial  wall,  together  with  great  hypertrophy  of  the  bronchial 
musculature,  which  facts  are  brought  out  strikingly  in  the  study  of  the 
pathological  anatomy  of  bronchial  asthma  in  this  laboratory  by  Huber 
and  Koessler  (51).  Such  asthmatic  persons,  having  bronchi  like  those 
of  the  guinea  pig,  react  in  the  same  way  as  the  guinea  pig  when  injected 
with  the  specific  antigen.  On  the  other  hand,  it  may  occasionally 
happen  that  the  manifestations  may  affect  chiefly  the  splanchnic  area, 
as  in  the  dog  (see  case  reported  by  Gurd  and  Roberts,  52),  but  the 
reason  for  this  localization  in  these  cases  has  not  been  sought  in  the 

light  of  Simond's  observations.^ 

» 

2  The  theory  that  leucocytic  blocking  of  pulmonary  capillaries  is  important 
(Werigo,  47)  is  not  supported  by  many  studies  of  the  lungs  in  anaphylaxis,  and 
is  contradicted  by  the  lack  of  any  decrease  in  severity  of  reaction  in  guinea 
pigs  with  greatly  reduced  number  of  leucocytes  from  Thorium-X '  treatment 
(Corper,  48). 

'  A  remarkable  instance  of  fatal  anaphylaxis  in  man  has  been  reported  by 
Jeanbrau  (49).  The  patient  had  been  given  antitetanus  serum,  and  three  weeks 
later  received  a  transfusion  of  blood  from  a  man  who  had  received  a  dose  of  anti- 
tetanus serum  that  very  morning,  death  resulting  in  a  few  seconds.  On  the 
whole,  however,  man  does  not  seem  to  be  highly  susceptible  to  anaphylaxis,  at 
least  as  compared  with  the  guinea  pig;  thus,  Bottner  (50)  calls  attention  to  the 
fact  that  collargol  has  had  a  widespread  use  by  intravenous  injection  at  intervals 
suitable  to  produce  sensitization  and  shock,  without  recorded  serious  results, 
although  it  contains  25  per  cent  of  protein  and  produces  reactions  readily  in 
guinea  pigs. 

*  Since  examining  Doctor  Simond's  preparations  of  the  dog  hepatic  veins,  I 
have  been  interested  in  the  great  muscular  development  of  the  human  adrenal 
veins.  Although  I  have  not  yet  had  an  opportunity  to  make  measurements  of 
this  material,  I  have  often  noticed  the  large  amount  of  muscular  tissue  in  the 
central  veins  of  the  adrenal,  apparently  greater  than  that  in  other  veins  of  cor- 
responding caliber  in  man.  In  view  of  the  relation  of  epinephrin  to  anaphy- 
lactic shock  this  observation,  if  corroborated  by  actual  measurements,  may  be 
of  some  significance. 
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There  is  no  pathological  anatom^^  of  anaphylactic  shock  that  cannot 
apparently  be  explained  by  such  a  mechanism  as  that  described  above. 
The  anaphylactic  poison,  if  there  is  one,  would  seem  to  be  after  the 
order  of  the  alkaloidal  poisons,  since  it  produces  immediate  but  transi- 
tory effects,  without  evident  structural  alterations  in  the  tissues. 
Such  anatomical  alterations  as  are  observed,  such  as  hemorrhages  or 
waxy  degeneration  of  the  voluntary  muscles  of  respiration  (53),  are 
ascribable  to  the  asphyxia  and  circulatory  obstruction.  Longcope  (54) 
and  Boughton  (55)  have  observed  lesions  in  the  kidneys,  hearts  and 
livers  of  rabbits  and  guinea  pigs  subjected  to  repeated  anaphylactic 
shock,  as  well  as  to  repeated  protein  injections  without  shock,  but  in 
view  of  the  frequency  of  spontaneous  lesions  in  animals  kept  under 
similar  conditions  and  subjected  to  much  manipulation,  it  cannot  be 
said  positively  that  the  lesions  described  resulted  from  anaphylactic 
shock,  or  from  foreign  proteins  (see  Bell  and  Hartzell,  56).  Neverthe- 
less, we  have  in  the  Arthus  phenomenon  a  striking  proof  that  local 
tissue  injury  may  result  from  anaphylactic  reactions,  whether  through 
direct  cellular  injury  or  protracted  vascular  occlusion,  and  so  it  would 
seem  eminently  probable  that  tissue  injury  may  result  elsewhere  than 
in  the  skin  under  similar  conditions. 

Weil  (57)  has  described  changes  in  the  liver  of  dogs  dying  within  one 
hour  of  anaphylactic  shock,  consisting  of  a  cloudy  swelling  and  in  one 
case  disseminated  necrosis,  but  it  is  possible  that  these  changes  may  be 
the  result  of  the  intense  asphyxia  from  which  the  liver  suffers.  It  is 
difficult  to  understand  how  injury  to  the  liver  cells  themselves  could 
account  for  the  engorgement,  as  Weil  suggests,  and  equally  difficult  to 
accept  is  Dale's  idea  of  a  selective  toxic  action  on  the  endothelial  cells 
of  the  liver.  Presumably  the  decreased  coagulability  of  the  blood 
depends  on  injury  to  the  liver  cells  and  release  of  anticoagulating  sub- 
stances,^ for  Weil  found  that  blood  containing  the  specific  antigen  loses 
its  coagulability  when  perfused  through  the  liver  of  a  sensitized  dog, 
and  poisons  which  injure  the  liver  produce  a  similar  decrease  in  coagul- 
ability. Also,  autolysis  of  the  liver  is  said  to  be  hastened  in  sensitized 
animals  (95). 

Apparently  some  change  takes  place  in  antigens  which  enter  the 
anaphylactic  liver,  for  Man  waring  and  Crowe  (59)  found  that  antigen 
perfused  through  the  liver  of  a  sensitized  guinea  pig  lost  its  toxicity 

'According  to  Bulger  (.58),  however,  llio  increase  in  ant itlirombin  is  not 
great,  and  he  ascribes  the  observed  changes  in  coagulability  to  variations  in 
thromboplastin,  together  with  a  marked  increase  in  fibrinolysis. 
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for  sensitized  guinea  pig  lungs,  although  normal  livers  did  not  have 
this  effect,  and  Falls  (60)  observed  that  larger  doses  of  antigen  are 
required  to  produce  shock  when  injected  into  the  portal  vein  than  when 
introduced  into  the  jugular.  Weil  (31)  has  found  evidence  that  anti- 
body and  antigen  coexist  within  the  reacting  tissues  for  some  time, 
the  antigen  being  gradually  destroyed,  a  process  which  may  perhaps 
be  accompanied  by  injury  to  the  cells,  but  L.  Loeb  (61)  could  not 
find  that  thyroid  or  uterus  from  sensitized  guinea  pigs  transplanted 
into  other  animals  were  modified  in  their  vitality  as  tissue  grafts,  by 
injection  of  the  specific  antigen  into  the  host. 

Although  we  recognize  the  systemic  anaphylactic  reaction  only  as  it 
affects  non-striated  muscle  tissue,  it  may  well  be  that  this  is  merely 
because  such  tissue  alone  registers  the  effects  in  a  graphic  manner. 
We  do  not  know  whether  any  or  all  other  cells  of  the  sensitized  animal 
are  affected  when  they  come  in  contact  with  the  specific  antigen.  Still 
less  do  we  know  what  happens  within  the  sensitized  muscle  cell  when 
the  antigen  and  antibody  meet.  Dale  has  shown  that  the  response  is 
immediate,  as  when  a  potent  diffusible  drug  acts  on  a  cell,  but  whether 
the  reaction  changes  the  colloidal  state  of  the  cell,  as  has  been  vaguely 
suggested,  or  whether  it  causes  a  discharge  of  energy  after  the  order 
of  an  electrical  stimulus,  or  something  entirely  different,  are  matters 
concerning  which  we  have  not  the  slightest  information. 

Metabolism  studies  may  show  an  increased  toxicogenic  destruction 
of  protein  (62),  but  the  increase  in  amino  acids, .  presumably  resulting 
from  proteolysis  within  the  tissues  of  the  reacting  individual,  is  not 
large  enough,  if  it  occurs  at  all,  to  be  significant.  Thus,  Auer  and 
Van  Slyke  (63)  were  unable  to  find  a  demonstrable  increase  in  free 
amino  nitrogen  in  the  anaphylactic  guinea  pig  lung,  nor  do  the  livers 
of  guinea  pigs  dying  in  anaphylactic  shock  contain  appreciably  more 
non-coagulable  nitrogen  than  normal  livers  (64).  However,  in  ana- 
phylaxis in  guinea  pigs,  as  well  as  after  peptone  poisoning,  there  is  a 
considerable  increase  in  non-coagulable  and  urea  nitrogen  in  the  blood, 
as  well  as  a  slight  increase  in  amino  nitrogen,  but  it  is  not  known  whether 
this  comes  from  the  tissues  or  from  the  antigen-antibody  reaction  in  the 
blood,  although  the  former  seems  more  probable  (see  Hisanobu,  65). 
Manwaring  (66)  found  that  no  appreciable  loss  of  the  antigenic  protein 
occurred  during  its  perfusion  through  the  organs  of  sensitized  animals. 
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DESEXSITIZATIOX  AND  ANTI-ANAPHYLAXIS 

An  important  and  characteristic  feature  of  the  anaphylactic  reaction 
is  the  refractor}^  condition  which  the  recovered  animal  exhibits  imme- 
diately thereafter,  provided  that  the  amount  of  antigen  injected  has 
been  sufficient  1}^  large,  and  isolated  muscle  strips  exhibit  the  same 
phenomenon.  If  the  reaction  is  produced  by  minimal  quantities  of 
antigen,  the  animal  may  still  react  to  a  second  dose  of  the  same  antigen. 
Evidently  this  condition  of  desensitization  depends  upon  an  exhaustion 
or  saturation  of  the  antibodies.  The  desensitization  is  quite  as  spe- 
cific as  the  acute  reaction  itself,  for  if  the  guinea  pig  has  been  sensitized 
to  two  different  proteins  and  recovers  from  the  shock  induced  by  one 
of  them  to  which  it  thus  becomes  entirely  refractory,  it  will  still  react 
to  the  second  protein.  I  have  had  much  occasion  to  take  advantage 
of  this  phenomenon  in  determining  the  purity  of  protein  preparations, 
and  in  studying  the  relations  of  such  proteins,  and  have  found  it  to 
exhibit  a  reliable  specificity.  It  was  noted  early  in  this  work,  however, 
that  the  reaction  to  the  second  protein  is  seldom  as  severe  as  it  would 
be  if  it  were  a  primary  reaction.  This  has  been  repeatedly  confirmed 
by  others,  and  Dale  (32)  found  that  the  isolated  uterus  from  an  animal 
sensitized  to  more  than  one  antigen  showed  a  similar  decrease  in  reac- 
tivity after  a  maximal  reaction  to  one  of  these  antigens.  Presumably 
this  is  due  at  least  in  part  to  exhaustion  of  the  reacting  mechanism, 
and  perhaps  in  part,  in  the  case  of  intraperitoneal  injections,  to  an 
impaired  absorption  because  of  inflammatory  reactions  and  obstructed 
lymphatics. 

Desensitization  can  be  accompUshed  without  anaphylactic  shock  if 
the  antigen  is  introduced  slowly  enough,  which  is  usually  the  case 
when  the  injection  is  subcutaneous.  Conversely,  the  production  of 
observable  anaphylactic  shock  requires  that  the  toxic  dose  of  antigen 
reach  the  antibodies  within  a  brief  period. 

Weil  (67)  made  a  quantitative  study  of  desensitization  following 
passive  sensitization  with  standardized  amounts  of  antibody,  and 
found  that  the  quantit}^  of  antigen  needed  to  produce  a  reaction  in  a 
partially  desensitized  pig  did  not  bear  a  constant  relation  to  the  amount 
of  unsaturated  antibody  presumably  left  after  the  first  reaction,  as 
shown  by  the  following  table: 
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Sensitization:  O.S  cc.  immune  serum  intraperitoneally 


GUINEA  PIO  SERIES 

DEHKNSITIZINO  DOSE  OP 
HORSE SERCM 

MINIMAL  ANAPHYLACTIC  DOSE 

OP  HORSE  bERUM, 

INTRAPERITONEALLY 

CC. 

CC. 

1 

0.005 

0.1 

2 

0.01 

0.6 

3 

0.02 

0.5 

4 

0.05 

0.5 

As  the  minimum  anaphylactic  dose  of  antigen  after  partial  desensitiza- 
tion  is  much  larger  than  before  partial  desensitization,  it  would  seem 
that  the  reactivity  or  affinity  of  the  antibody  had  been  much  reduced 
in  the  desensitizing  process.  This  alteration  in  quantitative  relation- 
ship between  antigen  and  antibody  is  distinctly  different  from  the 
fixed  quantitative  relations  observed  between  precipitinogen  and  pre- 
cipitin, and  Weil  pointed  out  the  resemblance  to  the  Danyz  phenom- 
enon observed  in  toxin-antitoxin  neutralization;  i.e.,  the  changed 
quantitative  relationship  produced  by  adding  antitoxin  to  toxin  in 
small  fractions  instead  of  a  single  neutralizing  quantity.     As  he  stated, 

The  same  antibody,  when  in  solution  as  precipitin,  combines  with  antigen 
quantitatively,  and  in  strictly  constant  proportions,  to  form  precipitate;  when 
attached  to  the  cell,  as  sensitizing  antibody,  it  combines  with  antigen  in  varying 
proportions.    The  living  cell,  therefore,  modifies  its  properties. 

Coca  (1),  however,  makes  the  valid  suggestion  that  these  observations 
can  be  explained  by  the  assumption  that  the  sensitizing  serum  contains 
antibodies  of  varying  avidity  for  antigen,  whereby  those  with  the 
greatest  avidity  are  saturated  with  the  first  partial  desensitizing  dose, 
leaving  the  less  reactive  antibodies  to  unite  with  the  second  dose  of 
antitoxin.  These  suggestive  and  important  quantitative  studies  have 
not  been  extended  since  the  untimely  death  of  Doctor  Weil  removed 
one  of  the  most  briUiant  and  productive  students  of  anaphylaxis. 

Sensitized  animals  may  be  refractory  to  anaphylactic  reactions  not 
only  because  of  saturation  or  exhaustion  of  the  fixed  antibodies,  but 
because  the  presence  of  free  antibodies  in  the  circulating  blood  prevents 
the  antigen  from  coming  in  contact  with  the  intracellular  antibodies, 
i.e.,  the  condition  of  anti-anaphylaxis.  There  has  been  much  con- 
fusion in  the  literature  because  of  the  careless  use  of  the  term  "anti- 
anaphylaxis"  to  cover  all  refractory  conditions.  .  This  term  should 
logically  be  applied  only  to  a  resistance  due  to  antibodies,  using  the 
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term  desensitization  for  the  condition  which  it  describes,  as  indicated 
in  previous  paragraphs. 

It  is  this  form  of  antibody  resistance,  true  specific  anti-anaphylaxis, 
which  accounts  for  the  faihu^e  to  obtain  anaphjdactic  shock  in  guinea 
pigs  immunized  to  a  foreign  protein  by  repeated  injections.  This 
assumption,  which  was  made  early  in  anaphylaxis  work,  seems  to  have 
been  converted  into  a  certainty  by  the  demonstration  of  ]\Ianwaring 
and  Kusama  (29)  that  the  isolated  organs  of  such  immunized  guinea 
pigs,  washed  free  of  circulating  antibodies,  are  very  highly  sensitized 
to  the  specific  antigen.  Weil  (68)  further  showed  that  if  small  doses  of 
antigen  are  injected  subcutaneously  into  passively  sensitized  guinea 
pigs  that  have  been  given  intravenous  injections  of  large  protective 
doses  of  antiserum,  the  uterus  is  not  desensitized  as  it  otherwise  would 
be,  since  the  antigens  are  kept  from  uniting  with  the  intracellular  anti- 
bodies. 

Antisensitization  is  a  somewhat  similar  phenomenon  described  by 
Weil  (69).  If  a  guinea  pig  is  given  a  single  dose  of  rabbit  serum  several 
days  before  a  sensitizing  dose  of  serum  from  a  rabbit  immune  to  a 
foreign  protein,  the  usual  passive  sensitization  does  not  take  place. 
This  is  explained  by  the  development  in  the  guinea  pig  of  antibodies 
to  the  rabbit  serum,  which  protect  the  guinea  pig's  tissues  from  the 
antibodies  of  the  immune  rabbit  serum.  In  proof  of  this  conclusion 
is  the  fact  that  such  preliminary  injection  with  rabbit  serum  does  not 
prevent  passive  sensitization  with  the  serum  of  a  guinea  pig  immunized 
to  foreign  protein.  Also,  Man  waring  and  Kusama  (29)  showed  that 
in  immunized  guinea  pigs  the  bronchial  musculature  is  highly  sensi- 
tized but  tha,t  the  presence  of  the  blood  of  the  immune  animal  will 
prevent  reactions  with  the  specific  antigen  in  lung  perfusion  experi- 
ments. 

Another  form  of  refractoriness,  which  is  essentially  a  desensitization, 
may  occur  when  a  large  sensitizing  dose  is  given.  Differences  may 
be  observed  even  when  the  larger  sensitizing  doses  are  not  very  large; 
thus  Thomsen  (70)  states  that  a  sensitizing  dose  of  0.004  cc.  of  serum 
produces  a  maximum  sensitization  more  quickly  than  0.1  cc,  although 
the  final  maximum  degree  of  sensitization  is  the  same  with  each  dose. 
This  seems  explainable  on  the  basis  of  the  persistence  of  antigens  in 
the  blood  during  the  time  of  formation  of  the  antibodies  and  their 
fixation  within  the  cells,  whereby  they  are  saturated  with  the  antigen 
gradually  as  fixation  takes  place,  without  at  any  one  time  sufficient 
reaction  taking  place  to  be  observable.     Weil  beHeved  that  antigen 
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and  antibody  miRht  coexist  in  the  cells  without  union,  as  they  are 
known  to  do  in  the  circulating  blood.  Of  course,  when  a  very  large 
sensitizing  dose  of  antigen  is  given  there  may  be  engendered  sufficient 
antibodies  to  produce  the  condition  of  antianaphylaxis  from  the  excess 
antibodies  in  the  blood. 

Still  a  different  form  of  interference  with  sensitization  has  been 
described  by  Julian  Lewis  (71),  who  found  that  an  amount  of  protein 
that  will  produce  a  marked  anaphylactic  sensitization  when  injected 
alone  into  a  guinea  pig,  will  fail  to  do  so  if  injected  together  with,  or 
twenty-four  hours  after,  a  much  larger  amount  of  another  protein. 
Thus,  in  a  series  of  guinea  pigs  sensitized  with  0.1  cc.  horse  serum 
mixed  with  decreasing  quantities  of  dog  serum  from  2  cc.  to  0.001  cc, 
no  reactions  were  obtained  in  the  animals  receiving  from  1  to  2  cc.  of 
horse  serum,  severe  reactions  but  with  recovery  in  those  receiving  from 
0.25  to  0.01  cc.  dog  serum,  as  compared  with  promptly  fatal  reactions 
in  the  animals  that  received  no  dog  serum. 

The  serum  from  a  rabbit  immune  to  horse  serum,  which  will  markedly 
sensitize  a  guinea  pig  to  horse  serum,  will  fail  to  do  so  if  injected  with, 
or  twenty-four  hours  after,  a  large  dose  of  another  protein. 

These  results  may  be  explained  by  the  conception  that  the  number 
of  receptors  in  the  body  that  can  unite  with  a  foreign  protein  is  limited. 
The  inhibiting  protein,  if  present  in  large  amount,  combines  with  all, 
or  almost  all,  of  these  receptors.  Hence,  another  protein  injected  with 
it,  or  after  it,  is  prevented  from  being  combined  in  sufficient  amount 
to  stimulate  the  active  production  of  antibodies.  And  when  a  large 
amount  of  protein  is  injected  with  or  after  a  sensitizing  dose  of  inamune 
serum,  the  combination  of  the  latter  with  the  cell  receptors,  which  is 
necessary  for  passive  sensitization,  is  prevented  in  the  same  way. 

I  have  found  that  the  condition  of  antisensitization  may  be  produced 
through  feeding  (72)  as  well  as  by  injection,  and  presumably  this  con- 
dition explains  a  number  of  phenomena  observed  both  in  experimental 
animals  and  in  man. 

Guinea  pigs  bred  from  mothers  fed  with  oats  were,  as  soon  as  weaned,  put  upon 
a  diet  of  egg  albumen  and  carrots.  Other  young  pigs  from  the  same  stock  were 
raised  upon  oats  and  carrots.  The  latter  animals,  after  reaching  a  weight  of  250 
to  300  grams,  did  not  give  anaphylactic  reactions  when  injected  with  0.05  gram 
of  a  protein  obtained  from  raw  oats,  and  if  given  small  doses,  such  as  ordinarily 
given  for  sensitizing,  they  were  not  rendered  sensitive  to  subsequent  injections 
of  0.05  gram  of  oat  protein.  Some  of  the  pigs  which  were  raised  to  200  to  250  grams 
weight  without  oats  were  found  to  give  a  typical  reaction  of  moderate  severity 
when  injected  once  with  0.05  gram  oat  protein,  apparently  from  psissive  sensi- 
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ti«ation  conferred  by  the  mother.  Others  gave  no  reaction.  After  the  animals 
fed  without  oats  were  somewhat  older,  350  to  400  grams,  they  reacted  much  less 
strongly  or  not  at  all  to  oat  protein,  as  if  this  inherited  passive  sensitization  were 
passing  off,  as  passive  sensitization  normally  does;  such  pigs,  if  given  sensitizing 
doses  of  oat  protein,  are  found  to  be  sensitive  to  this  protein  three  weeks  later, 
giving  well-defined  reactions  of  moderate  severity.  Hence  the  conclusion  seems 
warranted  that  if  guinea  pigs  are  raised  on  oat  proteins  they  cannot  be  made  to 
give  anaphylactic  reactions  with  oat  proteins,  but  if  raised  without  oats  they 
may  be  sensitized  to  oat  proteins,  just  as  they  can  be  to  other  proteins  not  usually 
in  their  food.  These  experiments  support  experience  obtained  previously  with 
zein,  that  guinea  pigs  become  immune  to  the  chief  vegetable  proteins  of  their 
food. 

Guinea  pigs  raised  from  the  time  of  weaning  on  a  diet  of  egg  protein  (Merck's 
dried  egg  albumen)  and  carrots  were  found  to  give  strong  anaphylaxis  reactions 
when  injected  with  egg  albumen  between  the  thirtieth  and  sixtieth  days,  but 
later  they  reacted  less  strongly,  and  after  the  one  hundredth  day  of  feeding  they 
gave  but  slight  reactions  to  0.1  gram  dried  egg  albumen.  At  this  time  sensitiza- 
tion with  egg  albumen  can  be  obtained  to  only  a  slight  degree,  such  guinea  pigs 
given  injections  of  egg  albumen  showing  but  slight  reaction  to  a  subsequent  dose 
of  egg  albumen,  while  control  pigs  fed  on  oats  and  carrots  gave  severe,  usually 
fatal,  reactions  to  corresponding  injections  of  egg  albumen.  Apparently,  then, 
daily  absorption  of  animal  protein  in  the  food  at  first  renders  guinea  pigs  hyper- 
sensitive to  this  protein,  but  if  the  feeding  is  kept  up  for  a  long  enough  period 
the  animals  become  refractory  to  the  food  protein  and  are  so  immunized  that  they 
cannot  be  sensitized  to  this  protein. 

A  series  of  guinea  pigs  which  Avere  raised  on  bread  and  cow  milk  for  ten  weeks 
were  found  at  the  end  of  this  time  to  be  still  highly  sensitive  to  milk,  dying 
promptly  when  given  1  to  3  cc.  of  milk  intraperitoneally.  Apparently  this  length 
of  feeding  is  not  sufficient  to  render  guinea  pigs  immune  to  milk.  These  results 
are  not  at  all  in  harmony  with  those  of  Besredka  (73),  who  did  not  succeed  in  sen- 
sitizing with  milk  by  either  oral  or  rectal  administration,  but  did  find  that  sensi- 
tized guinea  pigs  were  made  refractory  to  intracerebral  injections  of  milk  if 
previously  given  milk  by  either  of  these  routes.  They  are  corroborated,  how- 
ever, by  the  observation  of  Schlutz  and  Larson  (74)  that  the  blood  of  infants 
exhibiting  the  exudative  diathesis  when  injected  into  guinea  pigs  renders  them 
passively  sensitive  to  milk. 

Non-specific  transitory  reduction  of  the  intensity  of  anaphylactic 
reactions  may  be  produced  by  intravenous  injection  of  numerous 
substances  shortly  before  giving  the  intoxicating  dose.  Peptones, 
trypsin,  various  inorganic  salts,  urine  and  foreign  proteins  other  than 
those  used  in  sensitizing,  are  among  these  non-specific  desensitizers, 
and  their  mechanism  of  action  is  not  understood.  Kopaczevski  and 
\^ahram  (75)  have  found  that  sodium  oleate  has  this  effect  to  a  marked 
degree,  which  they  ascribe  to  a  lowering  of  surface  tension  of  the  blood, 
on  the  hypothesis  that  anaphylactic;  shock  depends  upon  a  plugging  of 
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capillaries  by  colloidal  flocculation.  Although  perfusion  experiments 
demonstrate  that  such  gross  capillary  occlusion  does  not  occur  in  the 
anaphylactic  lung,  yet  the  various  items  of  evidence  that  changes  in 
the  colloidal  state  of  the  blood  are  of  importance  in  the  phenomena  of 
**anaphylatoxin"  intoxication  make  this  observation  of  significance. 
The  protective  action  of  NaCl  has  usually  been  ascribed  to  its  inter- 
ference with  complement  action,  but  Richet  (76)  attributes  it  to  its 
action  on  nerve  cells,  and  others  would  ascribe  it  to  the  effect  on  the 
colloidal  state  of  the  cells  and  fluids.  Thomsen  (70)  refers  non-specific 
interference  with  the  anaphylaxis  reaction  to  a  reduction  in  the  speed 
of  reaction  between  antigen  and  antibody,  whereby  a  greater  amount 
of  antigen  is  found  necessary  to  produce  shock,  but  no  explanation  is 
offered  as  to  why  the  speed  of  reaction  is  reduced. 

THE     SPECIFICITY     OF     THE     ANAPHYLAXIS     REACTION 

If  we  limit  the  evidence  on  this  subject,  as  we  properly  should,  to 
that  obtained  in  unquestionable  typical  anaphylaxis  with  protein 
antigens,  it  may  be  said  that  the  anaphylaxis  reaction  exhibits  exactly 
the  same  degree  of  specificity  that  we  obtain  with  the  complement 
fixation  or  precipitin  reactions.  In  all  cases  group  reactions  are 
obtained  when  sera  or  extracts  of  tissues,  etc.,  derived  from  closely 
related  species,  are  used,  and  hkewise,  as  emphasized  by  Magnus  and 
others  (20)  and  confirmed  for  the  isolated  uterus  (by  Dale,  32),  increas- 
ing the  antigenic  doses  tends  to  broaden  the  scope  of  the  reaction. 

Experiments  with  such  hopelessly  complex  mixtures  as  are  furnished 
by  serum,  orga^n  extracts,  or  even  egg  whites  and  milk,  cannot  be 
expected  to  yield  much  valuable  information  concerning  specificity. 
A  common  error  in  the  Uterature  is  the  statement  that  the  anaphylaxis 
reaction,  or  some  other  immunological  reaction,  is  not  absolutely 
specific,  since  slighter  reactions  are  obtained  with  sera  of  related  spe- 
cies, etc.  What  is  not  specific  in  such  experiments  is  the  antigen  used, 
not  the  reaction.  If  the  antigens  are  isolated  proteins,  purified  as 
completely  as  possible,  striking  illustrations  of  specificity  may  be 
demonstrated  both  by  sensitizing  and  by  desensitizing  with  specific 
proteins.  For  such  work  the  proteins  from  seeds  and  nuts  seem  to  be 
especially  useful,  for  commonly  they  represent  stored  proteins,  appar- 
ently set  apart  with  a  small  number  of  other  proteins  as  compared 
with  the  conditions  in  blood  and  tissues;  furthermore,  many  of  them 
are  crystallizable,  some  are  soluble  in  alcoh61,  and  others  present  strik- 
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ing  solubility  characteristics,  so  that  they  are  especially  susceptible  of 
separation  and  purification.  Of  the  animal  proteins  those  that  resist 
heat  coagulation,  such  as  casein  and  ovomucoid,  or  those  that  crystal- 
lize, of  which  egg  albumin  is  the  chief  example  (for  thecrystallizable 
hemoglobins  are  not  antigenic)  are  the  best  materials. 

Working  with  such  proteins,  it  has  been  possible  to  demonstrate 
conclusively  that  biological  origin  is  not,  per  se,  the  thing  that  deter- 
mines the  immunological  specificity  of  a  given  protein,  but  its  chemical 
composition.  The  fact  that  the  sera  or  tissues  of  different  species  can 
commonly  be  distinguished  from  one  another  by  immunological  reac- 
tions, indicates  therefore  that  as  a  rule  the  proteins  of  different  species 
are  chemically  different  from  the  proteins  of  other  species,  even  when 
these  proteins  have  similar  functions  and  exhibit  close  pltysical  and 
chemical  similarities,  e.g.,  horse  serum  and  ox  serum.  But  there  are 
many  exceptions  to  this  rule  of  immunological  differences  between  the 
proteins  of  different  species,  e.g.,  goat  casein  and  cow  casein  show  to 
a  considerable  degree  interchangeable  immunological  reactions,  whereas 
they  show  a  more  distinct  specificity  against  the  serum  proteins  of  the 
same  species  as  furnished  the  casein.  Thus,  cow  milk  casein  can  be 
differentiated  even  from  lactalbumin  of  the  same  species  more  sharply 
than  from  casein  of  goat's  milk  by  complement  fixation  (Bauer),  and 
cow  casein  and  goat  casein  sensitize  mutually  to  one  another  (72). 
A  study  of  the  proteins  of  hens'  eggs  by  the  anaphylaxis  reaction 
showed  that  five  distinguishable  antigens  could  be  differentiated  from 
one  another,  and,  furthermore,  that  these  corresponded  to  five  different 
proteins  that  had  been  differentiated  by  chemical  methods,  namely, 
ovomucoid,  ovoviteUin,  albumin,  and  two  different  globulins  (72). 

Extended  studies  with  milk  proteins  have  also  developed  the  same 
fundamental  fact,  that  antigens  which  can  be  distinguished  from  one 
another  by  means  of  the  anaphylaxis  reaction  are  usually  found  to  be 
readily  distinguishable  from  one  another  by  chemical  means  (77). 
The  fact  that  different  protein  fractions  of  scrum  show  stronger  reac- 
tions when  the  same  fraction  is  used  as  both  sensitizing  and  intoxicat- 
ing doses  than  when  different  fractions  are  used  (Dale  and  Hartley,  78; 
Kato,  79)  probably  indicates  a  similar  rehitionsliip. 

The  study  of  vegetable  proteins  also  l)rings  this  out  clearly,  and 
furthermore  indicates  that  we  may  have  chemically  distinct  although 
similar  proteins,  which  show  corresponding  (hstincjtions  and  relations. 
Thus,  hordein  of  barley  is  chemically  similar  to  gliadin  of  wheat  and 
rye,  although  showing  sufficient  chemical  differences  to  establish  it  as  a 


74  H.   GIDEON  WELLS 

distinct  protein,  but  gliadin  of  wheat  is  chemically  indistinguishable 
from  Rliadin  of  rye.  Guinea  pigs  sensitized  with  gliadin  from  wheat  or 
r\'e  give  strong  anaphylactic  reactions  when  injected  with  hordein  of 
barley,  but  not  as  strong  as  with  the  homologous  proteins,  and  the 
same  results  are  obtained  with  injections  in  the  reverse  order.  After 
such  cross  reactions,  however,  the  recovered  animals  are  not  found  to 
be  desensitized  to  the  homologous  proteins,  which  indicates  either  that 
there  are  two  or  more  individual  proteins  in  the  preparations  of  hordein 
and  gliadin,  one  of  which  is  common  to  both,  or  else  the  presence  in 
gliadin  and  hordein  of  common  and  specific  reactive  groups.  The' 
chemical  evidence  is  in  favor  of  the  latter  conclusion.  On  the  other 
hand,  the  chemically  indistinguishable  gliadins  of  rye  and  wheat  inter- 
act against  one  another  as  if  they  were  one  and  the  same  protein  (7). 
Other  examples  of  crossed  reactions  between  unlike  proteins  have  been 
observed;  for  example,  legumin  from  pea  renders  guinea  pigs  as  sensi- 
tive to  legumin  from  vetch  as  it  does  to  itself,  and  vice  versa,  and 
legumin  from  other  seeds  shows  close  immunological  relation.  On  the 
other  hand,  a  chemically  distinguishable  protein  from  another  legu- 
minous plant,  glycinin  from  soy  bean,  does  not  sensitize  to  vetch  legu- 
min, or  vice  versa  (80).  The  so-called  natural  proteoses  of  seeds  show 
many  striking  illustrations  of  the  same  sort  (11). 
These  and  other  experiments  have  led  to  the  conclusion  that 

the  entire  protein  molecule  is  not  necessarily  involved  in  the  specific  character 
of  the  anaphylaxis  reaction,  but  this  is  developed  by  certain  groups  contained 
therein,  and  that  one  and  the  same  protein  molecule  may  contain  two  or  more 
such  groups.  It  may  well  be  that  the  intact  protein  molecule  is  involved  in  the 
reaction  (for  there  is  but  little  evidence  that  anything  less  than  an  intact  protein 
molecule  is  capable  of  producing  the  typical  reaction),  but  that  certain  groups 
determine  the  specificity  (Wells  and  Osborne,  81). 

Also,  **  since  chemically  similar  proteins  from  seeds  of  different 
genera  react  anaphylactically  with  one  another,  while  chemically  dis- 
similar proteins  from  the  same  seed  in  many  cases  fail  to  do  so,  we 
must  conclude  that  the  specificity  of  the  anaphylaxis  reaction  depends 
upon  the  chemical  structure  of  the  protein  molecule'^  (80).  Corrobo- 
rative evidence  has  been  furnished  with  precipitin  reactions  by  Land- 
steiner  and  Lam  pi  (82). 

As  to  what  groupings  in  the  protein  molecule  determine  the  spe- 
cificity, little  is  known.  Obermayer  and  Pick  (83)  believed  that  the 
specificity  characteristic  of  species  was  determined  by  the  aromatic 
radicals,  since  iodizing  or  diazoting  proteins  removed  this  specificity 
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when  tested  by  the  precipitin  reaction.  Iodized  proteins  tested  by  the 
anaphylaxis  reaction,  however,  I  have  not  found  to  have  altered  in 
range  of  specificity  from  the  original  proteins  (8). 

That  the  anaphylaxis  reaction  is  a  less  delicate  means  of  determining 
specificity  than  the  precipitin  reaction,  and  especially  the  complement 
fixation  reaction,  is  shown  by  the  fact  that  when  animals  are  immunized 
to  hordein  a  serum  of  low  antibody  titer  reacts  only  with  hordein,  but 
with  antihordein  serum  of  high  titer  both  precipitin  and  complement 
fixation  reactions  are  obtained  with  ghadin  of  wheat  or  of  rye  and 
passive  sensitization  is  given  with  the  same  proteins  (20). 

Probably  the  more  general  use  of  the  uterus  strip  method  will  enhance 
the  delicacy  of  anaphylaxis  work  in  the  future,  since  this  offers  less 
uncontrollable  factors  than  experiments  with  the  intact  animal.  A 
good  illustration  of  this  is  furnished  by  a  recent  report  from  Dakin 
and  Dale  (84).  Previous  workers  have  stated  that  the  egg  proteins  of 
different  species  of  birds  are  not  readily  distinguishable  by  anaphylaxis 
reactions,  or  at  least  that  they  show  a  less  marked  specificity  than 
serum  (for  review,  see  72).  Welsh  and  Chapman  found  bj^  the  precipi- 
tin reaction,  using  the  saturation  test,  that  antiserum  for  any  egg 
white  contains  a  general  avian  antisubstance  reacting  with  all  sorts  of 
bird  egg  proteins,  and  an  independent  antisubstance  specific  for  the 
species.  By  the  anaphylaxis  reaction,  however,  such  tests  as  have 
been  made  have  shown  a  striking  absence  of  specificity.  Dale  and 
Hartley  found,  in  preliminary  experiments,  that  crystallized  albumins 
from  hen  eggs  and  from  duck  eggs  sensitized  mutually  to  one  another 
even  with  the  guinea  pig  uterus  method,  but  by  using  quantitative 
methods  and  by  checking  up  with  the  desensitizing  test,  it  was  later 
possible  for  Dale  to  detect  differences  between  the  two.  The  impor- 
tance of  this  observation  lies  especially  in  the  studies  carried  out  by 
Dakin  on  the  chemistry  of  these  two  albumins.  When  hydrolyzed, 
their  amino  acid  content  is  very  similar,  but  when  the  proteins  are 
first  racemized  and  then  hydrolyzed  it  is  found  that  there  are  dis- 
tinct differences  in  the  degree  of  racemization  of  the  leucine,  aspartic 
acid  and  histidine.  There  being  reasons  for  Ix^lieving  that  the  amino 
acids  which  escape  racemization  occupy  the  ((Mininal  j^ositions  in 
the  peptid  chains  of  which  the  protein  molecule  is  built,  this  result 
indicates  that  there  are  at  least  structural  or  spatial  difTcMCMiccs  in  these 
two  proteins.  In  other  words,  a  close*  n^lat  ionship  by  immunological 
tests  is  here  associated  with  chemical  similarity,  and  a  slight  diffenMice 
in  chemical  structure  is  found  whicli  pr(\sumably  accounts  for  a  slight 
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immunological  difTerence  that  can  be  detected  only  by  the  most  sensi- 
tive methods.  This  point  of  view  is  quite  in  harmony  with  that  devel- 
oped by  Osborne  and  myself  from  our  studies  of  the  immunological 
specificity  of  the  vegetable  proteins.  Although  not  based  on  the 
anaphylaxis  reaction,  but  on  precipitins,  the  corroborative  results  of 
Landsteiner  and  Lampe  (82)  may  be  recalled  here;  namely,  that  if  one 
derivative  (halogenized,  azotized,  etc.)  of  a  protein  reacts  with  another 
sort  of  derivative,  the  position  in  the  molecule  of  the  substituted  rad- 
icals is  identical  or  closely  related.  That  is  to  say,  cross  reactions 
depend  on  chemical  relationships,  and  the  specificity  is  determined  by 
relatively  small  portions  of  the  large  antigen  molecule. 

The  observation  that  the  location  in  the  molecule  of  definite  groups 
is  indicated  by  their  immunological  reactions  can  best  be  explained  as 
depending  on  spatial  correspondence  of  antigen  and  antibody,  just  as 
Emil  Fischer  assumed  for  the  specific  action  of  ferments  in  his  com- 
parison to  ''lock  and  key."  Here  again  we  get  evidence  that  both 
chemical  composition  and  spatial  relations  are  concerned  in  deter- 
mining specificity.  Presumably  there  are  also  innumerable  isomeres 
that  cannot  be  distinguished  by  our  present  methods,  which  correspond 
to  the  racial  and  individual  differences  which  are  so  obvious  and  yet 
not  to  be  detected  by  serum  reactions. 

Contemplating  the  possible  number  of  variations  in  the  arrangement 
of  the  amino-acids  in  a  protein  which  the  great  number  of  these  radicals 
provides,  there  is  no  difficulty  in  understanding  the  existence  of  an 
almost  limitless  number  of  specific  distinctions  between  proteins. 
Abderhalden,  indeed,  calculated  that  the  20  amino  acids  we  find  in 
proteins  could  form  at  least  2,432,902,008,176,640,000  different  com- 
pounds, and  this  without  including  possible  compounds  varying  in 
quantitative  relations.  A  contribution  to  the  chemical  basis  of  spe- 
cificity has  been  made  by  Kossel  (85),  who  finds  certain  relations  in  the 
proportions  and  groupings  of  the  scanty  number  of  amino-acids  that 
make  up  the  protamines  and  histones  of  sperm,  to  be  characteristic  of 
the  sperm  of  certain  species  and  families. 

THE   RELATION   OF   ANAPHYLAXIS   TO   SERUM    DISEASE,   TO   DRUG   HYPER- 
SENS  ITIVENESS  AND  TO  HAY  FEVER 

At  present  the  evidence  in  respect  to  these  topics  is  so  contradictory 
as  to  defy  positive  conclusions.  In  respect  to  certain  acute  serum 
reactions,  such  as  one  in  which  a  person  with  "horse  asthma"  dies  in  a 
few  moments  of  bronchial  spasm  after  receiving  an  injection  of  horse 
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serum,  it  seems  evading  the  obvious  to  attempt  to  interpret  the  occur- 
rence in  any  other  way  than  as  true  anaphylactic  shock,  resulting  from 
a  specific  antigen-antibody  reaction;  and  as  such  a  sensitized  person 
usually  exhibits  also  typical  acute  local  reactions  immediately  after 
intracutaneous  introduction  of  the  most  minute  amounts  of  horse 
serum,  or  of  other  horse  proteins  as  well,  it  seems  difficult  to  den}^,  at 
least  in  such  a  case,  that  the  cutaneous  reaction  of  hypersensitiveness 
represents  again  a  true  specific  antigen-antibody  reaction,  and  is  a 
true  manifestation  of  anaphylaxis.  Furthermore,  it  is  sometimes  pos- 
sible to  desensitize  a  person  to  the  protein  to  which  he  is  sensitive, 
removing  both  the  systemic  and  cutaneous  reactivity. 

A  particularly  interesting  demonstration  by  means  of  passive  sensi- 
tization from  man  to  man,  of  the  true  antigen-antibody  nature  of  horse 
asthma  and  the  specific  skin  reaction  accompanying  it,  has  been 
described  by  Ramirez  (86).  A  man  who  had  never  had  asthma,  hay 
fever,  urticaria,  or  any  similar  condition,  received  a  transfusion  of  600 
cc.  of  blood  from  a  man  with  typical  horse  asthma,  who  gave  a  cutane- 
ous reaction  to  horse  dandruff  in  1-50,000  dilution.  Two  weeks  later 
the  transfused  patient  went  for  a  carriage  ride  and  within  five  minutes 
had  a  typical  attack  of  asthma,  which  recurred  w^hen  he  again  went 
into  the  park,  and  a  skin  test  gave  a  positive  reaction  to  horse  dandruff 
diluted  1-20,000  but  not  to  any  of  numerous  other  proteins.  Also  we 
have  the  passive  transfer  of  sensitivity  to  milk  when  the  blood  of 
infants  with  exudative  diathesis  is  injected  into  guinea  pigs  (Schlutz 
and  Larson,  74). 

But  as  soon  as  we  leave  such  cases  as  these,  and  consider  ordinary 
serum  sickness  with  its  cutaneous  manifestations  and  other  symptoms 
which  follow  at  an  uncertain  period  of  time  after  a  serum  injection, 
often  when  this  is  the  first  injection  of  such  a  serum,  the  resemblance  to 
anaphylaxis  is  much  less  distinct.  Coca  seems  to  have  little  hesitation 
in  eliminating  serum  sickness  entirely  from  the  category  of  anaph}^- 
laxis  reactions,  laying  particular  emphasis  upon  the  many  points  serum 
disease  has  in  common  with  drug  hypersensitiveness,  which  he  believes 
cannot  possibly  be  true  anaphylaxis.  He  says  ''serum  allergy  exhibits 
no  peculiarity  that  can  serve  as  a  criterion  of  separation  of  this  condi- 
tion from  that  of  drug  allergy  and  there  is,  thus,  no  occasion  offered  by 
the  manifestation  of  serum  allergy  to  seek  an  underlying  mechanism 
that  would  be  different  from  that  operative  in  drug  allerg>',  that  is, 
one  dependent  on  an  antibody-antigen  reaction."  Hence  he  eliminates 
from  the  domain  of  anaphylaxis  all  the  conditions  manifested  by  cutane- 
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0118  hypersensitivity,  including  the  tuberculin    reaction,    hay  fever, 
food  and  drug  idiosyncracies,  etc. 

Kohiicr  (87),  on  the  other  hand,  in  his  review  on  the  cutaneous 
reactions,  states  that  there  are  true  anaphylactic  skin  reactions,  *'due 
to  the  interaction  of  a  specific  anaphylactic  antibody  and  specific  ana- 
phylactogcn  largely  within  or  without  the  cells,  and  with  the  formation 
of  diffusible  irritant  capable  of  producing  acute  hyperemia,  edema  and 
leucocytic  infiltration  of  the  skin."  He  thus  accepts  the  theor>^  of 
local  anaphylaxis  depending  on  the  formation  of  a  poison  by  cellular 
reactions  to  foreign  proteins  introduced  into  the  skin. 

The  relationship  of  the  cutaneous  manifestations  of  serum  disease 
to  anaphylaxis  is  especially  well  supported  by  the  studies  of  C.  W. 
Wells  (88)  on  the  precipitin  content  of  the  blood  of  patients  who  have 
received  diphtheria  antitoxin,  for  he  found  that  in  several  persons  who 
developed  such  manifestations  the  precipitin  titer  fell  to  rise  again 
when  the  rash  faded,  as  if  the  precipitin  had  been  bound  in  the  skin 
and  thus  caused  a  local  anaphylactic  reaction.  Also,  Weil  (31)  observed 
in  human  serum  sickness  a  fall  in  blood  pressure  and  a  decrease  in  the 
coagulabiUty  of  the  blood  (89),  thus  adding  to  the  resemblance  of  this 
condition  to  true  anaphylactic  reactions. 

However,  among  other  facts  that  seem  to  separate  cutaneous  hyper- 
sensitiveness  from  systemic  anaphylaxis,  are  the  results  described  by 
Krause  (90)  in  his  studies  on  The  Nature  of  Resistance  to  Tuberculosis, 
He  states  that  whereas,  as  shown  by  Baldwin,  it  is  easily  possible  to 
sensitize  guinea  pigs  to  tuberculo-protein  so  that  they  will  give  typical 
systemic  anaphylactic  reactions,  such  sensitized  animals  do  not  show 
cutaneous  hypersensitiveness  to  tuberculo-protein,  nor  are  they  pro- 
tected against  infection  with  the  tubercle  bacillus.  Skin  sensitiveness 
can  only  be  obtained  by  producing  an  actual  tuberculous  infection 
somewhere  in  the  animal  and  when  this  tissue  reactivity  has  developed 
it  is  found  that  the  animal  has  the  power  to  produce  acute  inflanmia- 
tory  reactions  about  injected  tubercle  bacilU,  whereby  its  resistance 
is  enhanced.  Fleischner,  Meyer  and  Shaw  (91)  have  corroborated 
this  and  find  that  it  is  equally  true  for  typhoid  bacilli  and  B.  abortus. 
Guinea  pigs  may  be  highly  immunized  with  the  dead  bacilli  or  extracts 
therefrom,  so  that  their  blood  has  a  high  agglutinin  content,  or  anaphy- 
lactic sensitization  may  be  produced,  and  yet  no  cutaneous  sensitivity 
can  be  shown;  but  guinea  pigs  infected  with  living  bacteria  give  posi- 
tive skin  tests. 
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In  support  of  the  view  that  ordinary  serum  sickness  followinji:  injec- 
tion of  foreign  sera  is  not  a  true  anaphylactic  reaction,  but  is  rather 
the  result  of  a  primary  serum  toxicity,  may  be  cited  the  ol^servation  of 
Kraus  (92)  that  bovine  serum  seldom  causes  serum  sickness  in  man  as 
compared  with  its  frequency  after  horse  serum.  However,  it  is  pos- 
sible that  man,  using  beef  protein  as  a  usual  article  of  diet,  may  develop 
an  actual  immunity  to  beef  proteins,  as  I  found  guinea  pigs  to  do  with 
the  proteins  forming  the  chief  elements  of  their  diet. 

As  to  hay  fever,  Coca,  who  at  one  time  described  it  as  "a  clinical 
expression  of  a  local  hypersensitiveness,"  the  view  most  generally 
held,  has  been  compelled  bj^  the  evidence  more  recently  developed,  to 
take  the  opposite  view  and  is  now  convinced  that  hay  fever  is  not  the 
result  of  a  protein  sensitization.  He  is  satisfied  to  accept  its  hereditary 
character  as  an  adequate  explanation,  although  this  does  not  in  any 
way  clear  up  the  pathogenesis  of  the  condition.  The  many  observa- 
tions of  successful  desensitization  by  repeated  injection  of  pollen  pro- 
teins is  an  outstanding  fact  which  surely  establishes  a  relation  to  ana- 
phjdactic  sensitization,  as  also  the  close  relationship  to  the  many 
forms  of  asthma  that  are  accompanied  by  skin  hypersensitivity  to  the 
same  proteins  that  are  responsible  for  the  asthma,  and  in  which  desen- 
sitization may  be  obtained  by  injection  of  the  specific  exciting  protein. 
On  the  other  hand,  desensitization  is  accomplished  by  no  means  so 
readily  or  so  surely  as  in  typical  anaphylaxis,  and  even  marked  sys- 
temic reactions  produced  by  relatively  large  desensitizing  doses  of 
pollen  may  fail  to  desensitize  (Rackemann,  93).  An  additional  point, 
of  which  much  is  made  in  discussing  the  relation  of  hay  fever  to  true 
anaphylaxis,  is  that  it  is  usually  impossible  to  confer  passive  hyper- 
sensitivity for  pollen  to  guinea  pigs  by  injecting  them  with  the  serum 
of  patients  with  hay  fever,  but  this  negative  fact  seems  of  little  signifi- 
cance if  we  consider  that  even  the  serum  of  guinea  pigs  highly  sensi- 
tized to  a  foreign  protein  usually  contains  too  few  free  antibodies  to 
confer  passive  sensitization  to  other  guinea  pigs.  The  cells  of  a  man 
may  well  be  highly  sensitized  to  a  foreign  protein  without  thei'c  being 
free  antibodies  in  his  blood  to  produce  passive  sensitization. 

A  new  feature  of  local  reactions  has  recently  ))een  l)rought  to  light 
by  Auer  (97),  which  may  throw  light  on  some  of  the  manifestations  of 
cutaneous  hypersensitivity.  Observing  that  operation  wounds  made 
in  sensitized  dogs  at  the  time  of  reinject  ion  showed  a  marked  inflam- 
matory reaction  with  a  brawny  edema,  the  suggiv^tion  was  followed  up, 
and  the  following  facts  were  observed.     If  the  ear  of  a  normal  rabbit 
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is  rubbed  gently  with  xylol  there  occurs  a  moderate  inflammatory 
reaction  which  disappears  in  a  short  time  without  serious  injury  to  the 
skin.  The  effects  are  quite  the  same  in  a  rabbit  that  has  been  sensi- 
tized to  a  foreign  protein,  but  in  rabbits  that  have  been  sensitized 
and  then  reinjected  with  the  same  protein  the  xj^lol  commonly  pro- 
duces a  violent  reaction,  with  exfoliative  dermatitis  followed  by  dry 
gangrene  of  the  tips  of  the  ears.  The  explanation  of  this  striking 
effect  seems  to  be  simple.  The  slight  inflammation  produced  by  the 
xylol  leads  to  a  certain  amount  of  inflammatory  exudate.  In  the 
sensitized  animals  which  have  been  recently  re-injected  with  the 
sensitizing  protein  the  blood  contains  more  or  less  free  antigen,  which 
is  poured  out  into  the  tissues  with  the  exudate.  Here  it  produces  a 
local  reaction  with  the  sensitized  tissues  quite  the  same  as  if  it  had 
been  locallj-  injected,  resulting  in  the  usual  local  reaction  seen  in  sen- 
sitized animals.  Presumably  similar  effects  could  occur  in  any  other 
tissue  or  organ.  The  importance  of  this  observation  lies  in  the  recog- 
nition of  a  hitherto  unappreciated  mechanism  by  which  anaphylactic 
reactions  may  be  caused  under  certain  conditions,  by  substances  which 
themselves  do  not  produce  anaphylaxis.  Conceivably,  sensitized  per- 
sons at  times  have  free  antigen  in  their  blood,  especially  in  cases  of 
food  sensitization,  and  if  this  is  so,  injury  to  any  tissue  or  organ  might 
possibly  determine  local  anaphylactic  reactions  in  these  places. 
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ANAPHYLAXIS     REACTIONS     WITH     PURIFIED 
PROTEINS     FROM     MILK* 

H.     Gideon     Wells    and    Thomas     B.     Osborne 

From   the   Pathological  Laboratory    of   the    University    of    Chicago    and    the   Laboratory    of    the 
Connecticut   Agricultural   Experiment   Station,    Nezc    Haven,    Conn. 

In  the  course  of  a  study  of  the  proteins  of  cow's  milk  by  one  of 
us  (O)/  four  proteins  were  isolated  in  a  high  degree  of  purity,  and 
their  individuality  established  by  means  of  the  anaphylactic  reaction. 
Evidence  of  the  essentially  chemical  basis  of  immunologic  specificity, 
as  emphasized  in  our  previous  communications  on  the  immunologic 
reactions  of  the  vegetable  proteins,-  thus  received  further  support. 
Our  experiments  were  performed  chiefly  to  determine  the  chemical 
individuality  of  the  various  protein  preparations  under  investigation, 
and  the  completeness  of  their  separation  from  one  another.  However, 
since  these  results  had  an  important  bearing  on  problems  of  immu- 
nologic specilicity,  numerous  additional  experiments  have  been  made 
from  this  standpoint  with  these  carefully  isolated  proteins. 

As  one  of  the  most  readily  available  protein-containing  solutions, 
milk  perhaps  has  been  used  in  immunologic  experiments  with  greater 
frequency  than  any  other  material  except  blood  and  eg<^  white.  The 
ease  with  which  casein  can  be  separated  from  milk  in  a  relatively 
pure  condition  and  its  ready  solubility  in  dilute  alkali  have  made  this 
protein  particularly  suitable  for  use  when  a  pure  isolated  protein  was 
desired.  Hence  many  references  are  to  be  found  in  the  literature 
dealing  with  the  immunologic  reactions  of  casein.  It  is  evident,  how- 
ever, from  the  published  accounts,  that  the  casein  used  in  much  of  this 
work  was  not  so  carefully  purified  as  it  should  have  been.  Further- 
more, in  onlv  a  few  instances  in  which  the  ]:»roteins  of  the  whey  "  have 
])een  used,  have  these  been  separated  from  each  other  with  the  '^arc 
necessary  to  secure  sufficiently  pure  preparations.  As  we  have  found  no 
complete  review  of  the  literature  of  the  immunologic  reactions  of  the 
several  proteins  of  milk,  we  here  present  a  1)rief  synopsis  in  approxi- 
mately chronologic  order. 

Received   for  publication   April   27.    1021. 

*  The  expenses  of  this  investicntinn  wore  shared  hv  ihr  rir'^'eie  Tiisfitutinn  of  Wash- 
inRt'.n.  D.   C.   and   the  Otho   S.  A.   SpraRuc  Memorial   Tiistittite   (if   Chirac.i. 

'   Oshorne  and   Wakeman :  Jour.   Biol.  Cheni..   1918.   }.\   pp.   7   and   24.^. 

=   Wells  an<l  Oshorne:   Jotir.   Infect.  Dis..    1913.    12.   p.    .^11;    1916.    19,   p.    18.?. 

"  The  tTm  whey  is  here  ii«-efl  to  desiirnate  the  solution  of  the  milk  solids  from  which 
casein   has  been   removed  bjr   precipitation   with   acid. 
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Immunologic  Kxperiments  with   Milk  and  Milk  Proteins 

Although  the  earliest  experimental  work  on  immunologic  reactions  with 
protein  solutions  dates  to  1897,  apparently  isolated  casein  was  not  used  until 
1901,  Moro,*  Hamburger,"  and  Levene  *  independently,  and  almost  simultane- 
ously, published  observations  on  the  precipitin  reactions  with  casein.  Moro 
reported  that  by  immunizing  with  pure  casein,  from  either  human  or  cow's 
milk,  he  obtained  a  "specific  lactoserum,"  but  he  did  not  describe  its  proper- 
ties further.  He  also  reported  that  precipitins  for  cow's  milk  gave  reactions 
with  goat's  milk,  but  not  with  human  milk,  which  was  not  in  agreement  with 
the  earlier  work  on  milk  precipitins  by  Wassermann  and  Schiitze.^  The  impor- 
tant observation  was  made  that  heating  milk  one-half  hour  at  100  degrees  did 
not  destroy  its  reactivity  or  its  antigenic  property. 

Hamburger"  found  that  "lactalbumin"  (which  included  all  the  proteins  in 
solution  after  removing  the  casein)  could  be  distinguished  from  casein  by 
the  precipitin  reaction.  Antilactalbumin  serum  (or,  more  properly,  antiwhey 
serum)  gave  reactions  with  whole  milk  and  with  lactalbumin,  but  not  with 
casein,  and  anticasein  serum  reacted  with  whole  milk  and  casein,  but  not  with 
whey.  He  prepared  his  casein  by  precipitating  with  acetic  acid  and  then  wash- 
ing the  precipitate  free  from  "albumin."  He  also  used  Schlossmann's  method 
of  filtering  off  the  casein  through  a  "Thonzellenfilter,i»'  and  stated  that  the 
"albumin"  in  the  filtrate  behaved  somewhat  diflferently  from  that  obtained  by 
precipitating  out  the  casein. 

In  connection  with  other  work,  Levene "  merely  reported  that  immune  serum 
for  milk  gave  precipitates  with  milk,  casein,  "milk  albumin"  and  beef  serum. 

Fuld  *  stated  that  whey  obtained  by  filtering  milk  through  porcelain  filters 
did  not  react  with  antimilk  serum.  Since  this  is  not  in  harmony  with  obser- 
vations by  others,  it  probably  means  that  his  immunization  was  sufficient  to 
produce  precipitins  only  for  casein,  and  not  for  the  other  less  abundant  milk 
proteins.  His  statement  that  heated  milk  or  casein  solution  did  not  produce 
precipitins  has  been  shown  to  be  incorrect.  His  antiserum  for  cow's  milk  did 
not  react  with  goat's  milk  or  with  isolated  casein  from  human  milk. 

Miiller,'  in  a  study  of  the  relation  of  specific  antiserum  precipitins  to 
rennin,  observed  that  antimilk  serum  did  not  precipitate  casein  except  in  the 
presence  of  calcium  salts,  although  it  united  with  the  casein  in  their  absence. 
He  found  no  evidence  that  the  precipitation  of  casein  by  antiserum  was  accom- 
panied by  the  splitting  off  of  proteins  similar  to  those  of  whey.  In  another 
article"  he  stated  that  the  products  of  digestion  of  casein  with  pepsin  or 
trypsin  did  not  produce  precipitins  either  for  themselves  or  for  casein,  although 
paracasein  and  iodocasein  immunization  gave  precipitins  that  precipitated  casein. 
Lactoserum  did  not  precipitate  paracasein. 

Gengou"  isolated  casein,  lactalbumin  and  lactoglobulin  from  cow's  milk, 
finding  that  the  casein  and  globulin  gave  complement  fixation  and  precipitin 
reactions  with  antimilk  serum,  but  the  albumin  did  not  react.  The  antiserum 
for  cow's  milk  reacted  with  goat's  and  sheep's  milk,  and  less  strongly  with 
human  and  horse's  milk. 

•  Wien.  klin.  Wchnschr..   1901,    14,  p.   1073. 
»  Ibid.,  1901,  14,  p.  1202. 

•  Med.  News,   1901,  79,  p.  981. 

'  Vercin    f.    inn.    Med.,   Verinsbeilage,   July    26,    1900,    p.    178;    Schiitze.    Ztschr.    Hyg.    u 
Infektionskr.,   1901,  36,  p.  5. 

»  Hofmeister's  Beitr.,  1902,  2,  p., 425. 

•  Arch.  f.  Hyg..   1902.  44.  p.  126. 

»»  Centralbl.  f.  Bakteriol.,  I.  O.,  1902,  32,  p.  521. 
"  Ann.  dc  Inst.  Pasteur,  1902,  16,  p.  734. 
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Schlossmann  and  Moro/'  who  discussed  the  methods  used  in  the  separation 
of  milk  proteins,  recognized  that  the  so-called  milk  "albumin"  is  a  mixture 
of  globulin  and  albumin,  containing  no  phosphorus,  which  statement  later 
studies  have  shown  to  be  incorrect  as  far  as  globulin  is  concerned.  They 
found  also  that  the  casein  and  albumin  fractions  each  gave  specific  reactions 
for  the  species  from  which  they  were  derived,  and  also  that  globulin  from 
human  serum  reacted  with  antihuman-milk  serum,  but  not  with  anticow's-milk 
serum.     Antiserum  for  human  milk  gave  precipitates   with   human   serum. 

Amberg,"  who  reprecipitated  his  preparations,  found  that  the  precipitin 
reaction  with  milk  or  casein  did  not  depend  on  the  presence  of  either  inorganic 
or  casein  salts  of  calcium,  thus  contradicting  Miiller.  He  observed  no  dif- 
ferences between  the  reaction  with  anticasein  and  antimilk  serums  when  used 
against  casein,  milk,  or  lactalbumin. 

Fleischer"  immunized  animals  with  purified  casein  from  animals  of  vari- 
ous species  (rabbit,  cat,  dog,  horse,  goat,  cow  and  human),  and  found  that 
the  antiserums  gave  precipitin  reactions  with  both  the  homologous  and  foreign 
caseins,  although  with  quantitative  differences  in  favor  of  the  homologous 
caseins.  Antiserum  for  cow's  casein  gave  about  two-thirds  as  much  precipitate 
with  goat's  casein  as  with  cow's  casein,  and  a  good  precipitate  was  obtained 
with  horse's  casein,  but  only  a  trace  with  dog's,  cat's  and  rabbit's  casein, 
and  none  with  human  casein.  Antiserum  for  human  casein  gave  only  relatively 
slight  reactions  with  all  the  other  caseins. 

In  their  early  studies  of  anaphylaxis,  Rosenau  and  Anderson  "  made  some 
experiments  with  milk,  obtaining  no  reactions  when  cow's  milk  was  injected 
into  guinea-pigs  that  had  been  sensitized  with  either  human  or  dog's  milk,  but 
positive  results  were  given  when  the  sensitization  had  been  caused  by  sheep's 
milk.  The  first  examination  of  isolated  casein  by  means  of  the  anaphylaxis 
reaction  is  reported  by  Besredka,^*'  who  stated  that  casein  gave  the  same  results 
as  milk.  The  whey  was  found  to  sensitize  to  milk  sometimes,  but  it  did  not 
always  give  reactions  in  animals  sensitized  to  milk.  Perhaps  the  difficulty  here 
lies  in  the  use  of  too  small  amounts  of  the  whey  (^/4o  to  ^  cc),  which  has  a 
very  small  protein  content. 

Wells "  observed  that  purified  casein  was  even  more  active  in  anaphylactic 
reactions  than  whole  milk,  for  0.1  to  025  gm.  of  purified  cow's  casein  usually 
produced  fatal  reactions  when  injected  into  the  peritoneum  of  sensitized  guinea- 
pigs,  while  doses  of  5  to  10  c  c  of  whole  milk  containing  0.15  to  0.30  gm.  of 
casein  were  seldom  followed  by  fatal  reactions.  The  activity  of  casein  solu- 
tions was  not  materially  impaired  by  heating  at  100  degrees  for  25  minutes. 
Animals  sensitized  to  goat's  milk  casein  reacted  severely  when  given  cow's 
casein,  or  conversely,  which  agrees  with  Bordet's  results  with  whole  milk,  and 
Fleischer's  precipitin   reactions   with   goat's   and   cow's   casein. 

A  related  observation  on  the  lack  of  species  specificity  with  casein  is 
furnished  by  Michaelis  and  Rona,"  who  injected  cow's  casein  subcutaneously 
into  dogs  and  guinea-pigs  that  had  recently  l)een  actively  secreting  milk,  and 
observed  a  notable  swelling  of  the  mammary  glands,  without  marked  consti- 
tutional symptoms.  Some  reaction  was  obtained  in  virgin  animals.  This  they 
interpret   as   the  production  of  a   heightened    secretory   activity   which   induced 

'=  Miinclicn.  mcd.  Wchnrchr.,   1903,  50,  p.  597. 

"  Jour.  Mcd.   Research,   1904.    12,  p.   .141. 

'♦  Roussky  Wratsch..   1908,  7,  p.    1638. 

"■•  Jour.   Mcd.   Research..   1907,   16,  p.   391. 

'"  Ann.  Inst.  Pasteur.  1909,  23,  p.   166. 

"  Jour.  Infect.  Dis.,   1908,   5,  p.  480;   1911,  9.  p.   147. 

»"   Pfliigcr's  Arch.,   1909,   121,  p.   163. 
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ihe  mammary  glands  to  excrete  the  injected  casein,  although  in  none  of  the 
animals  did  actual  secretion  of  milk  follow  the  injection.  On  the  other  hand, 
I'^Uiinder ''•  was  unable  to  sensitize  guinea-pigs  to  guinea-pig's  milk  or  to 
extracts  of  their  mammary  glands. 

Barhrach  '*  failed  to  secure  a  good  differentiation  between  casein,  whey  and 
beef  serum  by  anaphylactic  reactions.  As  he  used  the  same  sized  doses  for 
both  sensitizing  and  intoxicating,  his  observations  are  not  valuable. 

The  use  of  the  complement  fixation  reaction  with  casein  was  introduced  by 
Kollmeyer.'*  who  obtained  distinct  differentiation  of  casein  from  whey  by  this 
method. 

Graetz"  studied  particularly  the  relation  of  milk  to  colostrum,  and  the  only 
feature  of  his  work  of  interest  in  this  connection  is  the  evidence  obtained  that 
colostrum  whey  contains  proteins  which  seem  to  be  identical  with  those  of 
the  serum.  Other  workers  have  obtained  evidence  of  siYnilar  significance, 
indicating  the  whey  proteins  to  be  closely  related  to  the  serum  proteins.  Thus, 
Bauer  **  concluded  that  casern  can  be  diflferentiated  by  complement  fixation 
from  the  protein  of  the  whey;  that  casein  of  different  species  of  animals  gives 
common  group  reactions,  as  also  do  the  whey  proteins,  but  that  only  the 
casein  can  be  differentiated  from  the  serum  proteins  of  the  same  species. 
Bauereisen  '^  finds  that  the  complement-fixation  method,  like  the  precipitin  reac- 
tion, does  not  permit  an  absolute  differentiation  of  milk  proteins  from  other 
proteins  of  the  same  individual,  but  that  both  methods  show  casein  to  be  much 
less  closely  related  to  the  serum  proteins  than  are  serum  proteins  to  whey 
proteins.  He  also  recognized  the  probability  that  the  failure  to  distinguish 
sharply  between  the  isolated  proteins  depends  on  defects  in  the  method  of 
their  preparation. 

The  quantitative  differentiation  of  milk  proteins  demonstrable  by  comple- 
ment fixation  is  great  enough  to  be  recognized  by  the  less  sensitive  anaphylaxis 
reactions,  as  indicated  by  the  results  obtained  by  Kleinschmidt.'*  He  separated 
casein,  globulin  and  albumin  from  cow's  milk,  but  in  his  description  of  the 
process  used  does  not  indicate  that  he  reprecipitated  his  preparations.  His 
"casein"  was  everything  that  came  down  with  sufficient  acetic  acid ;  the 
"globulin"  was  the  precipitate  produced  by  saturating  with  magnesium  sulfate 
after  removing  the  casein  with  NaCl,  and  the  "albumin"  was  the  precipitate 
obtained  by  adding  acetic  acid  to  the  filtrate  from  the  globulin.  He  found 
that  anaphylaxis  reactions  (intracardiac)  gave  distinct  differentiation  between 
these  three  proteins.  Casein  sensitized  to  itself  as  well  as  whole  milk,  but  did 
not  sensitize  to  beef  serum,  lactalbumin  or  lactoglobulin.  Experiments  in 
the  reverse  order  were  almost  equally  specific.  There  were  some  slight 
crossed  reactions,  especially  between  globulin  and  casein,  and  a  distinct  pro- 
tection (anti-anaphylaxis)  reaction  in  all  cases,  probably  due  to  incomplete 
separation  of  the  proteins  used.  Guinea-pigs  sensitized  with  cow's  casein  did 
not  react  with  human  casein ;  no  other  foreign  caseins  were  tried.  Animals 
sensitized  with  either  cow's  lactalbumin  or  lactoglobulin  reacted  with  bovine 
serum,  and  conversely;  those  sensitized  with  lactalbumin  reacted  with  lacto- 
globulin. and  conversely.    These  last  results  do  not  warrant  the  statement  made 

>««    Ref.   in    '/Afchr.    f.    Inimunitat.,   Rcf..    1912.   6,   p.   851. 

>•  Vicrteljahr.  gericht.  Med.,   1910,  40,  p.  235. 

»  Ztschr.  f.  Biol.,  1910,  54.  p.  64. 

M  Ztschr.  f.  Immunitat.,   1911,  9,  p.  677. 

«  Bcrl.  klin.  Wchnschr.,  1910.  47.  p.  830. 

••  Ztschr.  f.  Immunitat..   1911.  10,  p.  306. 

««  Monatschr.   f.  Kindcrlicilk..    1911,   10,  p.  402. 
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in  the  author's  summary  :  "In  anaphylaxis  experiments  the  proteins  of  cow's 
milk,  casein,  albumin  and  globulin,  can  be  differentiated  from  one  another." 
There  are  quantitative  differences  in  his  reactions,  to  be  sure,  but  those  are 
not  constant.  It  is  quite  evident  that  the  author  was  working-  with  imperfectly 
purified  protein  preparations.  A  similar  difficulty  is  found  in  the  work  of 
Heuner "''  who  used  commercial  (Alerck)  cow's  milk  albumin  and  casein,  as 
well  as  a  milk  albumin  and  a  globulin  prepared  by  a  chemist  for  him,  the 
description  not  indicating  that  his  preparations  were  thoroughly  purified. 
Nevertheless,  he  also  reached  the  conclusion  that  globulin  and  albumin  of 
milk  are  distinct  from  casein,  and  that  colostrum  and  mastitis  milk  are  more 
nearly  related  to  the  blood  serum  antigens  than  is  normal  milk.  The  differ- 
entiation w^as  less  marked  in  anaphylaxis  experiments  than  with  complement 
fixation. 

Bauer  and  St,  Engel  "*'  separated  casein,  globulin  and  albumin  in  the  same 
way  as  Kleinschmidt,  but  reprecipitated  the  globulin  three  times,  although  the 
albumin  seems  not  to  have  been  reprecipitated.  Using  the  complement-fixation 
reaction,  they  found  distinct  quantitative  differences  between  all  three  proteins. 
Thus,  with  an  anticasein  (bovine)  serum,  complement  fixation  was  complete, 
or  nearly  so,  in  the  following  dilutions  of  0.5%  solutions:  casein,  1:256; 
globulin,  1:32;  albumin,  1:16;  milk,  1:64,  With  antiglobulin  serum  the 
figures  were:  casein:  1:8;  albumin.  1:32;  globulin,  1:16.384.  With  anti- 
albumin  serum  the  figures  were :  casein,  1:1;  globulin,  1:8;  albumin,  1 :  64. 
Similar  results  were  obtained  with  the  globulin  or  casein  of  human  milk.  The 
proteins  of  one  species  were  not  tested  against  the  antiserums  for  the  other 
species.  Cow's  milk  globulin  could  not  be  differentiated  from  beef  serum 
globulin,  hence  these  authors  believed  the  globulin  and  albumin  of  milk  or 
colostrum  or  serum  to  be  identical. 

Klein  "^  made  a  study  of  the  nature  of  casein  antiserum  by  the  precipitin 
test,  finding  evidence  that  there  are  in  such  an  antiserum  two  precipitins.  One 
acts  only  in  the  presence  of  CaCl-,  while  the  other  acts  best  in  the  absence 
of  calcium.  Hence  the  presence  of  two  different  antigen  groups  is  postulated 
in  the  casein  molecule.  So  far  as  we  can  learn,  this  important  work  has  not 
been  reinvestigated.  The  suggestion  of  the  existence  of  two  antigenic  groups 
in  a  purified  protein  is,  however,  in  harmony  with  the  observations  of  Wells 
and  Osborne"*  with  purified  alcohol-solul)Ie  proteins  from  wheat,  rye  and  barley. 

In  agreement  with  the  results  of  Bauer  and  St.  Engel.  it  was  found  by 
Kudicke  and  Sachs"''  that  under  suitable  conditions  antimilk  serum  will,  by 
virtue  of  the  whey  proteins,  give  complement-fixation  reactions  with  ])lood 
serum  of  the  same  species,  but  if  milk  is  boiled,  the  antiserum  it  engenders 
will  react  with  milk  but  not  with  blood  serum.  (Evidently  this  (ie])cnds  on 
the  coagulability  of  the  whey  and  serum  proteins  and  the  incoagulability  of 
casein.)  Antiserum  for  bovine  serum  will  give  slight  reactions  with  cow's 
milk  boiled  for  not  over  ten  minutes,  Uhlcnhuth  and  Haendel  '"  had  previ- 
ously found  that  boiled  milk  gave  anaphylactic  reactions  only  in  animals  sen- 
sitized with  milk,  whereas  raw  milk  caused  reactions  in  animals  sensitized  with 
either  milk  or  serum  of  the  same  species. 

^'  Arch.  f.  Kindcrluilk..   I'm.  .=^6.  p.  .^.S8. 
-■"   Biochcm.  Ztschr..   I'Ml.  .^  I .  |).  -46. 
'"'   Folia  niicrohiol.,   191J.    1.  i..    101. 
-*  Jour.   Inftrt.   Dis..    I'M.?.    IJ.   ]>.   .^tl. 
^  Zt'chr.  f.   IiTinuitiif.it..    r>14.   J(i.   p.   .>1(). 
•■^'    Ihi.I..    1910.  4.  p.  761. 
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Vcrsell"  separated  casein  l>y  adding  acetic  acid  just  short  of  precipitation, 
and  then  saturating  the  milk  with  CO^;  the  precipitate  was  washed  five  times 
by  ccntrifugation.  The  whey  proteins  were  not  separated  from  one  another. 
Using  the  complement-fixation  reaction,  he  found  that  antiserum  for  cow's  milk 
reacted  with  goat's  milk,  but  less  strongly  than  with  cow's  milk,  and  more 
strongly  than  with  human  milk;  the  difference  between  the  caseins  of  the  three 
species  was  much  less,  and  most  between  the  wheys.  Human  milk  antiserum 
gave  reactions  with  human  milk  diluted  to  1 :  31,250,  with  cow's  milk  at  1 :  1,250, 
with  goat's  milk  at  1 :  50.  Antiserums  for  milk  or  whey  gave  slight  reactions 
with  the  serum  of  the  same  animal,  but  anticasein  serum  did  not,  as  observed 
by  Bauer  and  St.  Engel,  and  Kudicke  and  Sachs;  also  heated  casein  was  still 
antigenic  but  heated  whey  was  not.  Whey  proteins  showed  the  same  degree 
of  species  specificity  as  blood  serum,  but  casein  showed  much  less  species 
specificity,  being  rather  in  the  class  of  the  organ-specific  proteins.  He  found 
the  thermo-resistance  of  casein  is  only  relative,  for  it  is  inactivated  if  heated 
sufficiently  long  or  high. 

Gay  and  Robertson*'  found  that  isolated  casein,  as  well  as  the  "para- 
nuclein"  derived  from  it  by  peptic  digestion,  were  both  distinctly  antigenic, 
one  sensitizing  against  the  other.  Immunization  with  casein  produced  much 
more  active  precipitating  and  complement-fixing  antiserums  than  did  para- 
nuclein,  and  these  antiserums  also  reacted  much  more  strongly  with  casein  than 
with  paranuclein.  That  is,  partial  peptic  digestion  reduced  but  did  not  destroy 
the  antigenic  power  of  casein.  Completely  digested  casein  was  not  antigenic. 
When  united  with  protamine,  it  retained  its  antigenic  power,  the  resulting 
antiserum  reacting  with  either  casein  or  protamine  caseinate.''  These  authors 
believed  that  the  paranuclein  synthesized  by  the  "reverse  action"  of  pepsin  on 
the  products  of  peptic  digestion  of  casein  is  an  effective  antigen,  sensitizing 
and  immunizing  (complement  fixation)  both  to  itself  and  the  paranuclein  pro- 
duced by  partial  peptic  digestion,  and  thought  that  they  had  thus  established 
the  identity  of  the  materials  and  also  that  synthesis  of  a  true  antigenic  pro- 
tein had  been  accomplished." 

The  statement  that  casein  is  not  an  active  antigen,  made  by  Dale  and 
Hartley,"  is  supported  by  the  fact  that  injection  of  milk  itself  has  been  used 
extensively  in  nonspecific  foreign  protein  therapy,  ordinarily  without  harmful 
results,  and  Miiller^"  states  that  in  an  extensive  experience  he  has  never 
observed  serious  symptoms.  However,  the  next  article  in  the  same  journal, 
by  Lubiner,^'  describes  a  nearly  fatal  reaction  following  intramuscular  injec- 
tion of  10  c  c  of  milk  into  a  girl,  8  days  after  the  last  of  3  daily  injections. 
Oppenheim  ^  also  observed  a  similar  case  of  severe  reaction  from  milk.  Of 
some  interest  may  be  the  observation  that  the  serum  of  parturient  and  lactat- 
ing  women  produces  a  stronger  positive  Abderhalden  reaction  with  casein  than 
does  the  serum  of  men  or  normal  or  pregnant  women  (Kastan").  Also  we  may 
mention    that    milk    has    hemolytic    properties,    as    first    shown    by    Bertarelli. 

«i  Ibid.,  1915,  24,  p.  267. 

•■»  Jour.  Exper.  Med.,   1912,   16.  p.  470. 

»  Gay  and  Robertson:  Ibid.,   1912,   16,  p.  479. 

a«  Ibid.,  Jour.  Biol.  Chem.,  1912,   12,  p.  233. 

»  Biochem.  Jour.,  1916,   10,  p.  431. 

*»  Deutsch.  med.  Wchnschr.,   1918,  44,  p.  545. 

"  Ibid.,  p.  547. 

»  Wien.  klin.  Wchnschr.,   1917,  30,  p.  1519. 

«•  Munchcn.  med.  Wchnschr.,   1914,  61,  p.  2126. 
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Pfaundler  and  Aloro  found  that  it  contains  hemolytic  complement.  Bauer, 
Kopf  and  Sassenhagen  observed  that  this  is  especially  abundant  in  colostrum. 
which  was  corroborated   by   Schmidt    (lit.).*'' 

Taken  all  together,  the  results  obtained  by  the  several  observers 
quoted  seem  to  point  definitely  to  the  following  conclusions : 

1.  Biologically,  casein  is  quite  as  distinct  from  the  whey  proteins 
and  the  serum  proteins  as  it  is  chemically. 

2.  The  biologic  reactions  and  chemical  composition  of  caseins  from 
different  species  of  animals  show  close  relationships. 

3.  The  whey  proteins  as  a  whole  are  biologically  similar  to  the 
soluble  serum  proteins  of  the  animals  from  which  they  are  derived. 
Colostrum  contains  a  larger  proportion  of  proteins  of  this  type. 

4.  Casein  from  the  milk  of  an  animal  of  any  given  species  shows 
a  closer  biologic  relationship  to  the  casein  of  another  species  than  it 
does  to  either  the  whey  proteins  or  to  the  serum  proteins  of  its  own 
species;  the  same  is  true  of  the  chemical  relations. 

It  is  evident,  however,  that  the  amount  of  work  done  with  proteins 
reasonably  well  isolated  is  as  yet  small,  and  in  need  of  amplification 
and  control. 

Thp:   Chemistry  of   Milk   Proteins 

In  recent  years  the  proteins  of  milk  have  received  more  careful  study  than 
previously,  and  several  new  facts  must  receive  consideration  in  biologic  work. 
Applying  D.  D.  Van  Slyke's  amino  nitrogen  method.  Crowther  and  Raistrick  *' 
found  that  from  the  chemical  standpoint  casein,  lactoglolnilin  and  lactalbumin 
were  sharply  differentiated  and  distinct  proteins,  and  that  they  have  the  same 
composition  whether  prepared  from  colostrum  or  from  milk.  Only  0.03%  of 
true  globulin  was  found  in  milk;  it  was  much  more  abundant  in  colostrmn. 
As  far  as  could  be  determined,  the  proteins  designated  as  eulactoglobulin  and 
pseudolactoglobulin  are  chemically  identical.  Lactoglobulin  showed  an  amino- 
acid  make-up  similar  to  that  of  globulin  from  ox-blood,  but  marked  differences 
were  found  between  lactalbumin  and  serum  albumin.  These  observations  cor- 
respond with  the  results  of  the  immunologic  demonstration  that  casein  is  dis- 
tinct from  the  whey  proteins,  and  that  the  latter  possess  features  common  to 
the  serum  proteins  of  the  same  species.  A  series  of  milkings  made  twice  daily 
after  calving  were  analyzed,  the  average  composition  of  the  milk  from  7  cows 
showing  a  steady  drop  in  content  of  protein  between  the  first  and  eighth  milk- 
ings, the  percentage  of  nitrogen  present  in  the  milk  lieing  shown  in  table  1. 
These  figures  indicate  the  relatively  great  abundance  of  glolnilin  in  colostrum, 
and  its  rapid  reduction  within  the  first  48  hours  of  lactation. 

While  caseins  from  different  species  do  not  show  demonstrable  quanti- 
tative or  qualitative  chemical  differences  1)y  ordinary  methods,  a  study  of  the 
products  of  racemi/ation  by  Dakin's  method  yielded  to  Dudley  and  Woodman  *' 

*«  Arch.   f.  Kindcrheilk.,    1911.   .'^6.  p.   ^^2. 
*«   Biochcm.  Jour..    1916.   10.  i».  438. 
«  Ibid.,    1915.  9.   p.   97. 


10 


II.  (iii)KON  W'ki.ls  and  Thomas  B.  Osbcrne 


evidence  of  sonic  structural  diflferences.  Caseins  from  sheep's  and  cow's  milk 
consist  of  identical  amino-acids,  apparently  in  identical  proportions,  but  when 
racemized  the  sheep's  casein  showed  all  the  tyrosine  and  most  of  the  lysine 
unracemizcd,  while  both  were  completely  racemized  in  cow's  casein. 

Dale  and  Hartley"  state  that  caseins  from  different  species  show  no  clear 
disparity  of  antigenic  properties,  but  it  is  possible  that  finer  quantitative 
methods  will  disclose  distinct  discrepancies,  as  was. found  to  be  the  case  with 
the  albumins  from  hen's  eggs  and  duck's  eggs.  These  same  authors  state 
that  the  antigenic  properties  of  casein  are  relatively  feeble. 

Osborne  and  Wakeman "  found  that  the  protein  called  lactoglobulin  dif- 
fered much  in  its  solubilities  from  other  globulins,  and  that  it  contained 
024%  of  phosphorus,  in  which  respect  it  resembled  ovovitellin.  In  addition 
they  obtained  a  small  quantity  of  material  that  seemed  to  be  a  proteose, 
although  not  enough  was  obtained  to  permit  positive  identification.  Of  par- 
ticular interest  is  the  discovery  that  a  protein  is  present  in  small  amount  in 
milk,  which  is  readily  soluble  in  50-70%  alcohol.  This  alcohol-soluble  milk 
protein  in  its  content  of  amino-acids  is  distinctly  different  in  composition  from 
casein. 

We,  therefore,  have  chemical  evidence  that  milk  contains  at  least 
4  chemically  distinguishable  proteins :   ( 1 )  casein,  characterized  by  a 


TABLE     1 
Percentage  of  Nitrogen   in   Milk 


1st  milking 
4th  milking 
8th  milking 


Total 


2.40 
2.40 
0.65 


Casein 


0.75 
0.51 
0.46 


Albumin 


0.14 
0.11 
0.05 


Globulin 


1.32 
0.31 
0.12 


Nonprotein 


0.19 
0.04 
0.02 


high  content  of  phosphorus:  (2)  lactalbumin,  a  water-soluble  protein 
which  contains  no  phosphorus;  (3)  lactoglobulin,  which  contains  0.24% 
of  phosphorus;  and  (4)  the  alcohol-soluble  protein  recently  described 
by  Osborne  and  Wakeman. 


EXPERIMENTAL     PART 

Before  describing  our  results  we  would  first  call  attention  to  the 
fact  that  anaphylaxis  experiments  should  be  performed  only  with  ani- 
mals that  have  been  raised  on  a  known  dietary  which  does  not  contain 
the  proteins  under  investigation,  and  the  same  should  be  true  of  the 
mothers,  since  a  certain  amount  of  active  immunization  may  result 
from  the  food  proteins,  which  can  be  passively  transferred  to  the  fetus. 
It  has  been  shown  by  one  of  us  ^*  that  young  guinea-pigs  fed  on  a 
given  protein  (egg  white  or  milk)  after  a  short  time  become  sensitized 
to  that  protein  so  that  they  will  give  typical  reactions  when  it  is  injected 

«»  Jour.  Biol.  Chcm..  1918,  33,  p.  7. 

**  Wells,  H.  G.:    Jour.  Infect.  Dis.,   1911,  9,  p.   147. 
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parenterally.  If  the  feeding  is  long  continued  the  animals  become  so 
immunized  after  a  time  that  even  a  sensitizing  injection  of  this  protein 
will  not  render  them  hypersensitive,  and  a  second  injection  has  no 
effect.    Guinea-pigs  raised  largely  on  oats,  therefore,  do  not  give  good 


TABLE 

Casein 


Sensitizing  Dose,  Gm.    ' 

Intoxicating  Dose.  Gm. 

Results 

RemarlvS 

Casein 

Casein 

1 

0.001 

0.05 

Died,  5  minutes 

0 

0.001 

0.05 

Died,  15  minutes 

3 

O.OoO 

0.05 

Severe 

Note  large  sensitiz- 
ing dose 

4 

0.050 

0.05 

Severe 

5 

O.0O5 

0.001 

Slight,  doubtful 

6 

0.005 

0.005 

Slight 

7 

0.00:5 

0.010 

Died,  60  minutes 

8 

0.005 

0.020 

Severe 

Nearly  died 

9 

0.005 

0.000,1 

Died,  2  minutes 

Intracardiac 

10 

0.005 

0.000.02 

Moderate 

Intracardiac 

11 

0.005 

0.000,01 

Doubtful 

Intracardiac 

12 

0.005 

0.000,01 

Slight,  moderate 

Intracardiac 

13 

0.001 

O.IOO 

0? 

14 

0.001 

0.100 

Moderate 

15 

0.000,5 

0.100 

Severe 

Nearly  died 

16 

0.000,5 

0.100 

0 

17 

0.000,1 

O.IOO 

Slight 

18 

0.000,1 

0.100 

0 

19 

0.000,05 
Casein 

O.IOO 
Laetalbumin 

0 

20 

0.050 

O.IOO 

Slight 

21 

0.005 

0.050 

Slight 

22 

0.0O5 
Laetalbumin 

0.050 
Casein 

0 

23 

0.005 

0.050 

0 

24 

0.005 
Casein 

0.050 
Lactoglobulin 

0 

25 

0.005 

0.05O 

0 

26 

0.005 
Lactoglobulin 

0.050 
Casein 

Doubtful 

27 

0.005 

0.050 

0 

28 

0.005 
Casein 

0.050 
Alcohol  soluble  protein 

Slight 

29 

0.001 

0.050 

Slight 

30 

O.OOl 

0.050 

0 

31 

0.005 

0.050 

0 

32 

0.005 
Alcohol  soluble  protein 

0.050 
Casein 

Moderate 

33 

0.005 

0.050 

Moderate 

No  protection 

34 

0.005 

0.050 

Severe 

No  projection 

35 

0.(X)5 

0.050 

0 

No  protection 

36 

0.005 

0.050 

0 

No  protection 

37 

0.005 

0.050 

Died,  10  minutes 

38 

0.005 
Ca.sein 

0.050 
Beef  serum 

Slight 

39 

0.006 

1.0  CO 

0 

40 

0.005 
IJeef  .«erum 

1.0  cc 
Casein 

0 

41 

0.1  ec 

0.050 

0 

42 

0.1  c  c 

0.050 

0 

reactions  with  oat  proteins,  although  readily  sensitized  to  other,  unre- 
lated vegetable  j)roteins ;  and  guinea-])igs  raised  on  corn  were  found 
not  to  serve  for  reactions  with  jiroteins  from  corn,  although  readily 
sensitized  to  oat  proteins.     Probably  this  fact  accounts   for  numerous 
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failures  and  irrational  results  obtained  in  anaphylaxis  work,  and  must 
be  taken  into  account,  particularly  in  experiments  with  proteins  such  as 
those  of  milk,  that  might  be  present  in  the  guinea-pig  dietary.  In  these 
experiments  all  our  guinea -j)igs  have  been  raised  exclusively  on  a 
vegetable  diet,  as  have  their  mothers. 

In  determining  specificity  it  is  also  imperative  that  every  precaution 
be  taken  to  avoid  contamination,  especially  of  the  sensitizing  doses, 
with  even  the  smallest  possible  quantity  of  the  protein  that  is  to  be  used 
for  the  intoxicating  dose.  As  numerous  articles  discussing  anaphylactic 
specificity  do  not  mention  these  precautions,  leaving  the  reader  uncer- 
tain as  to  the  significance  of  the  results  described,  we  state  explicitly 
that  in  this,  as  in  all  our  work,  such  contaminations  were  rigidly 
excluded.  All  glassware,  after  thorough  washing,  is  kept  for  at  least 
24  hours  in  concentrated  sulphuric  acid  and  potassium  bichromate ;  the 
needles  are  most  thoroughly  cleaned  and  kept  in  absolute  alcohol. 

During  the  course  of  this  work  several  preparations  of  various 
fractions,  obtained  in  the  isolation  and  purification  of  the  milk  proteins, 
were  tested  by  means  of  the  anaphylaxis  reaction.  The  following 
tables  give  the  results  obtained  with  purified  preparations  of  the  4 
known  proteins.  The  terms  used  are  as  defined  in  our  previous  work.*^ 
Unless  otherwise  specified  the  injections  were  made  by  the  intraperi- 
toneal route.  The  interval  between  sensitizing  and  intoxicating  injec- 
tions was  usually  about  from  18  to  20  days.  The  references  to 
protection  indicate  the  protection  of  a  sensitized  animal  against  reinjec- 
tion  with  the  homologous  antigen  after  previous  injection  of  some 
heterologous  antigen. 

The  first  nineteen  experiments  recorded  in  this  table  deal  with  the 
antigenic  properties  of  casein.  They  show  that,  on  the  whole,  casein 
is  not  so  active  as  some  other  soluble  proteins  in  producing  anaphylactic 
sensitization  and  shock,  but,  on  the  other  hand,  its  activity  is  by  no 
means  low.  By  intracardiac  injection  the  minimum  lethal  dose  is 
apparently  between  0.000,02  and  0.00001  gram,  but  by  intraperitoneal 
injection  it  requires  nearer  0.010  gram  to  cause  death,  and  0.020  gram 
is  not  always  fatal.  Presumably  this  great  difference  in  the  efficiency 
of  intracardiac  and  intraperitoneal  injections  of  casein  depends  on  the 
readiness  with  which  casein  is  thrown  out  of  solution,  for  with  the 
vegetable  proteins  we  have  found  that  their  intraperitoneal  toxicity  for 
sensitized  animals  seems  to  vary  directly  with  their  solubility  in  the 
body  fluids.*®    As  compared  with  its  intoxicating  power  the  sensitizing 

«•  Wells,  H.  C,  and  Osborne,  T.  B.:    Jour.  Infect  Dis,   1911,  8,  p.  88. 
«•  Wells,  H.  G.,  and  Osborne,  T.  B.:    Jour.  Infect  Dis.,   1914,   14.  p.  377. 
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capacity  of  casein  seems  to  be  very  low.  Table  3  offers  a  comparison 
of  the  anaphylactogenic  activity  of  the  milk  proteins  with  that  of  other 
proteins  as  determined  by  us. 

Experiments  20  to  24  show  how  completely  distinct  these  prepara- 
tions of  lactalbumin  and  casein  are  from  one  another.  The  same  is 
shown  for  casein  and  lactoglobulin  by  experiments  25  to  28.  Experi- 
ments 29  to  38  indicate  that  the  alcohol  soluble  protein  is  quite  distinct 
from  casein,  but  that  our  alcohol  soluble  protein  preparation  probablv 
contains  a  trace  of  casein,  since  with  5  mg.  sensitizing  doses  2  of  4 
animals  gave  severe  reactions  with  casein.  Since  the  alcohol  soluble 
protein  is  obtained  from  casein  by  washing  the  precipitated  casein  with 
alcohol,  this  admixture  is  to  be  expected. 

table    3 

Comparative    Anaphylactogenic    Activ-itv 


Minimum 

Fatal 

Protein  Sensitizing 

Dose, 

Gm. 

1.  Casein 0.001 

2.  Lactalbumin 0.001 

3.  Lactoglobulin 0.001 

4.  Alcohol  soluble  protein 0.001 

5.  Egg  albumin O.OOO.OOl 

6.  Egg  globulin 0.000,001 

7.  Edestin 0.000.') 

8.  Squash  seed  globulin 0.000,000,.' 

9.  Brazil  nut  proteose 

10.  Soy  bean  proteose 


Minimal 

Minim-il 

Minimum 

Fatal 

Fatal 

Sensi- 

Intoxicating 

Intoxicating 

tizing 

Dose, 

Dose, 

Dose, 

Intra- 

Intra- 

Gm. 

peritoneal, 

cardiac, 

Gm. 

Gm. 

0.0001 

0.010 

0.0001 

0.001 

0.00.") 

0.0001 

0.000,01 

0.010 

0.0001 

0.010 

0.0002 

0.000,000,1 

0.0005 
0.00O8 

0.000,05 

0.000,000,1 

0.1  GO 

0.000,000,5 

0.010 
O.0OO5 

0.002 

Experiments  39  to  42  indicate  the  absence  in  beef  serum  of  appreci- 
able amounts  of  any  protein  resembling  casein.  Elsewhere  we  have 
reported  observations  showing  that  casein  will  sensitize  to  milk,  and 
conversely,  as  has  been  observed  by  others. 

The  first  thirteen  experiments  of  this  table  indicate  that  lactallmmin 
is  an  active  anaphylactogenic  substance,  thus  differing  from  the  all)uniin 
fraction  of  horse  serum,  which  according  to  numerous  observers,  is 
very  defective  in  anaphylactogenic  properties.'*'  It  is  much  less  actively 
anaphylactogenic  than  cfj^g  albumin,  but  corresponds  closely  to  casein. 

Experiments  14  to  25  indicate  that  lactalbumin  and  lactoglobulin 
are  entirely  distinct  proteins,  but  that  our  preparations  are  not  com- 
pletely separated,  for  while  5  mg.  sensitizing  doses  give  little  or  no 
crossed  reactions,  50  mg.  sensitizing  doses  of  cither  preparation  will 


"  Dale  and  Hartley 
Tokio.  1918.  18.  p.  19.^' 


Bieclicm.  Jour..    l'>16.    10.   p.    108. 
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do  so.  As  the  globulin  and  albumin  separations  merely  depend  on 
the  fact  that  the  globulin  comes  down  in  a  neutral  saturated  solution 
of  magnesium  sulphate,  while  the  albumin  is  precipitated  from  the 
filtrate  of  this  precipitation  by  acidification,  it  is  remarkable  to  find 
that  the  separation  can  be  made  so  nearly  complete.     The  fact  that 


table    4 

Lactalbumin 


Sensitizing  Dose,  Gm. 

Intoxicating  Dose.  Gm. 

Results 

Remarks 

Lactalbumin 

Lactalbumin 

1 

0.005 

0.070 

Died,  17  minutes 

2 

0.005 

0.070 

Died,  20  minutes 

0.100 

0.050 

Severe 

Note  large  sensitiz- 
ation dose 

0.060 

0.050 

Died,  30  minutes 

0.001 

o.orjo 

Died,  20  minutes 

0.000.1 

0.050 

0 

0.000,01 

0.060 

0 

0.005 

O.OSO 

Died,  35  minutes 

0.005 

0.020 

Moderate 

0.005 

0.010 

Died,  70  minutes 

0.005 

0.005 

Died,  50  minutes 

0.005 

0.000.1 

Died,  20  minutes 

Intracardiac 

0.005 
Lactalbumin 

0.000.05 
Lactoglobulin 

0 

Intracardiac 

0.005 

0.070 

0 

0.005 

0.070 

0 

No  protection 

18 

0.005 

0.060 

0 

17 

0.005 

0.050 

0 

18 

0.100 

0.050 

Severe 

1  Note  large  sensitiz- 
i      atlon  dose 

19 

0.060 

0.050 

Severe 

Lactoglobulin 

Lactalbumin 

20 

0.005 

0.070 

Moderate 

Partial  protection 

21 

0.006 

0.070 

Slight 

Partial  protection 

22 

O.OoO 

0.050 

Severe 

1  Note  large  sensitiz- 
ation dose 

23 

0.050 

0.050 

Severe 

24 

0.005 

0.050 

0 

No  protection 

25 

0.005 
Lactalbumin 

0.050 
Casein 

0 

Partial  protection 

26 

0.005 

0.060 

0 

27 

0.005 
Casein 

0.050 
Lactalbumin 

' 

28 

0.005 

0.0.'jO 

Slight 

29 

0.005 

0.050 

0 

30 

0.050 

0.100 

Slight 

Note  large  sensitiz- 

Lactalbumin 

Alcohol  soluble  protein 

ation  dose 

31 

0.005 

0.050 

0 

32 

0.005 
Alcohol  soluble  protein 

0.050 
Lactalbumin 

0 

33 

0.005 

0.050 

0 

34 

0.005 
Lactalbumin 

0.050 
Beef  serum 

0 

35 

0.005 

0.5  cc 

0 

No  protection 

36 

0.005 
Beef  serum 

0.5  cc 
Lactalbumin 

Slight 

87 

0.1  cc 

0.070 

0 

Partial  protection 

88 

0.5  cc 

0.050 

0 

No  protection 

we  are  here  dealing  with  distinctly  different  proteins  is  certainly 
demonstrated.  Experiments  26  to  30  show  that  lactalbumin  is  a  distinct 
protein,  and  that  it  can  be  separated  from  casein  almost  perfectly. 

The  complete  distincti'on  of  lactalbumin  from  the  alcohol  soluble 
protein  is  established  by  experiments  31  to  34,  while  the  distinction 
from  casein  has  already  been  commented  on. 
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That  the  albumin  fraction  of  cow's  milk  is  distinct  from  the  protein 
called  albumin,  or  any  other  protein,  of  cow  serum,  is  shown  by 
experiments  35  to  38.    This  agrees  with  the  demonstration  by  Crowther 


table    5 

Lactoglobulin 


Sensitizing  Dose,  Gm. 

Intoxicating  Dose.  Gm. 

Results 

Remarks 

Lactoglobulin 

Lactoglobulin 

1 

0.005 

0.070 

Died,  24  minutes 

2 

0.005 

0.070 

Died,  10  minutes 

3 

0.005 

0.050 

Died,  25  minutes 

4 

0.005 

0.020 

Slight 

5 

0.005 

0.015 

Severe 

Nearly  died 

6 

0.005 

0.010 

Severe 

Died  after  8  hours 

7 

0.005 

0.010 

Moderate 

8 

0.005 

0.005 

Slight 

9 

0.060 

0.050 

Moderate 

?  Note  large  sen.«itiz- 

10 

0.050 

0.050 

Severe 

\      ation  dose 

11 

0.005 

0.000,1 

0 

Intracardiac 

12 

0.005 

0.000,2 

Doubtful 

Intracardiac 

13 

0.00;5 

0.000,5 

Slight 

Intracardiac 

14 

0.001 

0.050 

Died,  40  minutes 

15 

0.000,1 

0.050 

Severe 

16 

0.000,01 

0.050 

Severe 

17 

0.000.001 
Lacloglobulin 

0.050 
Lactalbumin 

Slight 

18 

0.005 

0.070 

Slight 

19 

0.005 

0.070 

Moderate 

20 

0.050 

0.050 

Severe 

1  Note  large  sensitiz- 
)      ation  dose 

21 

0.050 

0.050 

Severe 

22 

0.00.5 

O.OoO 

0 

Not  protected 

23 

0.0O5 
Lactalbiiniin 

0.0.50 
Lactoglobulin 

0 

Not  protected 

24 

0.005 

0.050 

0 

Not  protected 

25 

0.00.5 

0.050 

0 

Not  protected 

26 

O.IOO 

0.050 

Severe 

?  Note  large  sen.«itiz- 
S      ation  dose 

27 

0.050 

0.050 

Severe 

28 

0.005 

0.050 

0 

29 

0.005 
Lactoglobiilin 

0.050 
Casein 

0 

30 

0.(K)5 

0.0:50 

0 

Not  protected 

31 

0.005 
('as<'in 

0.0.50 
Lactoglobulin 

Slight 

Not  protected 

32 

0.00:5 

0.0,50 

0 

33 

0.005 
Lactoglobulin 

0.050 
Alcohol  soluble  protein 

Doubtful 

34 

0.005 

0.050 

0 

35 

0.005 
Alcohol  soluble  protein 

0.050 
Lactoglobulin 

0 

36 

0.005 

oxm 

0 

37 

0.005 
Lactoglobulin 

0.0.50 
Beef  serum,  c  c 

0 

38 

0.005 

0.5 

Severe 

39 

0.005 

0.5 

Died,  25  minutes 

40 

0.005 

1.0 

Died,  32  minutes 

41 

0.005 

1.0 

Died,  42  minutes 

42 

0.001 

0.5 

Died,  35  minutes 

43 

0.001 
Beef  serum,  c  c 

0.5 
Lactoglobulin 

Died.  20  minutes 

44 

1.0 

0.0(50 

Sligiit 

45 

1.0 

0.040 

Moderate 

46 

0.5 

0.050 

Severe 

47 

0.5 

0.050 

Moderate 

48 

0.1 

0.050 

Died.  25  minutes 

49 

0.1 

0.050 

Severe 

and  Raistrick  *^  of  the  chemical  distinction  between  bovine  lactalbumin 
and  bovine  serum  albumin. 
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TABLE     6 
Alcohol  Soluble  ] 


SeMitlzing  Dose,  Qm. 

Intoxicating  Dose.  Gm. 

Results 

Remarks 

Alcohol  soluble  protein 

Alcohol  soluble  protein 

1 

0.00.% 

0.050 

Died,  10  minutes 

2 

0.005 

0.050 

Died,  15  minutes 

i 

0.005 

0.050 

Slight 

4 

0.006 

0.050 

Died,  5  minutes 

5 

0.005 

0.020 

Slight 

8 

0.005 

0.015 

Died,  26  minutes 

7 

0.005 

0.010 

Died,  25  minutes 

8 

0.005 

0.005 

Severe 

9 

O.OOo 

0.000,1 

Moderate 

Intracardiac 

10 

0.005 

0.000,2 

Died,  2  minutes 

Intracardiac 

11 

0.005 

0.000,2 

Died,  4  minutes 

Intracardiac 

12 

0.001 

0.100 

Died,  40  minutes 

13 

0.000.1 

0.100 

Severe 

14 

0.000.01 

0.100 

0 

15 

0.000.001 
Alcohol  soluble  protein 

0.100 
Casein 

0 

16 

0.006 

0.050 

Moderate 

17 

0.006 

0.050 

Severe 

18 

0.001 

0.060 

0 

19 

0.001 

0.050 

0 

20 

0.005 

0.0.50 

Died,  10  minutes 

21 

0.006 
Casein 

0.050 
Alcohol  soluble  protein 

Slight 

22 

0.005 

0.050 

Moderate 

Not  protected 

28 

0.005 

0.050 

Died 

24 

0.001 

0.050 

Slight 

25 

0.001 

0.060 

0 

26 

0.005 

O.06O 

0 

27 

0.005 
Alcohol  soluble  protein 

0.050 
Milk 

Moderate 

28 

0.003 

3CC 

0 

Protected 

29 

0.003 

3CC 

0 

Protected 

80 

0.003 

3CC 

Died,  20  minutes 

31 

0.008 

2cc 

Severe 

82 

0.004 

2cc 

Severe 

83 

0.004 
Milk 

2  ec 
Alcohol  soluble  protein 

Severe 

84 

0.4  CC 

0.050 

Slight 

85 

0.4  CO 

0.050 

0 

86 

0.1  CC 

0.050 

0 

No  protection 

37 

0.1  CC 

0.050 

0 

38 

0.2  CC 

0.050 

Slight 

No  protection 

39 

0.2  CC 

0.050 

Died,  40  minutes 

40 

1.0  CC 

0.050 

0 

41 

1.0  CC 

Alcohol  soluble  protein 

0.050 
Lactalbumin 

Slight 

42 

0.005 

0.060 

0 

43 

0.005 
Lact  albumin 

0.050 
Alcohol  soluble  protein 

0 

44 

0.005 

0.050 

0 

45 

0.005 
Alcohol  soluble  protein 

0.050 
Lactoglobulin 

0 

46 

0.005 

0.050 

0 

47 

0.005 
Lactoglobulin 

0.050 
Alcohol  soluble  protein 

0 

48 

0.005 

0.050 

0 

49 

0.005 
Alcohol  soluble  protein 

0.050 
Gliadin 

0 

60 

0.005 

0.050 

0 

Not  protected 

51 

0.005 
Gliadin 

0.050 
Alcohol  soluble  protein 

0 

62 

0.005 

0.050 

0 

68 

0.005 
Beef  serum 

0.050 
Alcohol  soluble  protein 

0 

54 

0.5  CC 

0.050 

0 

56 

0.5  CC 
Alcohol  soluble  protein 

0.050 
Beef  serum 

0 

56 

0.006 

0.5  CC 

.      0 

57 

0.005 

0.5  cc 

0 
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Experiments  1  to  17  show  that  lactoglobuHn  is  an  active  anaphylac- 
togen.  The  experiments  with  casein  and  lactalbumin  are  the  same  as 
those  in  previous  tables  and  have  already  been  discussed.  The  indi- 
viduality of  lactoglobulin  and  the  alcohol  soluble  protein  of  milk  is 
established  by  experiments  34  to  ^7 .  Experiments  38  to  49  show  that 
lactoglobulin  differs  from  the  other  3  protein  fractions  of  milk,  since 
even  in  1  mg.  doses  it  sensitizes  eft"ectively  to  beef  serum,  and  also 
intoxicates  animals  sensitized  with  small  amounts  of  beef  serum, 
corroborating  the  results  obtained  with  the  complement-fixation  reac- 
tion by  Bauer  and  St.  Engel.^*^  We  thus  find  that  the  earlier  observa- 
tions on  the  capacity  of  beef  serum  and  cow's  milk  to  sensitize  to 
each  other  is  due  solely  to  the  globulin  of  the  milk.  This  fact  is  in 
gratifying  agreement  with  the  chemical  observation  of  Crowther  and 
Raistrick  since  it  indicates  that  bovine  lactoglobuHn  is  chemically 
identical  with  the  globulin  fraction  of  beef  serum,  although  lactalbumin 
and  serum  albumin  appear  to  be  chemically  different  proteins. 

The  observation  of  Heuner  that  colostrum  is  biologically  more 
closely  related  to  serum  than  later  milk,  harmonizes  with  the  high 
globulin  figure  obtained  in  colostrum  by  Crowther  and  Raistrick.  The 
fact  that  colostrum  contains  large  amounts  of  globulin,  that  this 
globulin  seems  to  be  identical  with  serum  globulin,  and  that  the  serum 
globulin  fraction  carries  the  antibodies  of  the  blood,  is  in  interesting 
agreement  with  observations  that  have  been  made  which  indicate  that 
the  suckling  animal  secures  important  accessions  to  its  antibody  defense 
during  the  first  days  of  life.''^ 

The  previously  reported  observations  that  cow  milk  and  bovine 
serum  are  uncertain  in  their  capacity  to  sensitize  to  one  another  is 
explained  by  the  presence  of  a  very  small  amount  of  globulin  in  milk. 
corresponding  immunologically  to  serum  globulin,  for  it  has  been 
shown  by  Julian  H.  Lewis  ^^  that  a  small  amount  of  one  antigen  injected 
together  with  another  antigen  in  excessive  amounts,  may  be  com- 
pletely or  partly  prevented  from  manifesting  its  antigenic  activity. 
This  probably  explains  the  fact  that  in  our  experiments,  0.1  cc  of 
beef  serum  sensitized  more  effectively  than  1   c  c. 

We  have  discussed,  in  connection  with  the  other  tables,  the  com- 
plete differentiation  of  alcohol  soluble  protein  of  milk  from  the  three 
other  protein  fractions.  It  is  to  be  recalled  that  this  protein  has  only 
recently  been  described  by  Osborne  and  Wakeman,  and  that  the  ap|)Hca- 
tion  of  the  anaphylaxis  reaction  played  an  im])ortant  ]xirt  in  the  differ- 

*•  Sec  Rrymann:   Jour.  Immunol.,    1920.   5.   p.   221. 
♦•  Jour.  Infect.  Dis.,   1915,   17,  p.  241. 
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entiation  from  the  other  proteins  of  milk.  When  large  quantities  of 
freshly  precipitated  casein  were  extracted  at  room  temperature  with 
50-70%  ethyl  alcohol,  it  was  found  that  the  alcohol  had  dissolved  out  a 
considerable  quantity  of  protein.  As  hitherto  the  only  known  alcohol- 
soluble  proteins  were  of  vegetable  origin,  it  was  suspected  that  this 
material  might  be  either  a  cleavage  product  or  a  derivative  of  the 
casein.  The  anaphylaxis  test  demonstrated  that  it  was  not  a  proteose 
or  similar  cleavage  product,  since  these  do  not  exhibit  active  anaphy- 
lactogenic  properties  as  does  this  alcohol-soluble  protein  (exper.  1  to 
15),  while  cross  sensitization  as  well  as  chemical  tests  showed  that  it 
was  not  casein.  Further  chemical  study  showed  that  it  yielded  a 
different  proportion  of  some  of  the  amino  acids  than  did  casein  and 
was,  therefore,  a  newly  recognized  constituent  of  milk.  Although 
resembling  gliadin  in  solubility,  it  is  chemically  distinct  from  this 
protein  and  in  agreement  therewith  yields  negative  results  with  cross 
sensitization  tests  with  gliadin  (exper.  50  to  53).  The  positive  cross 
experiments  with  milk  indicate  that  it  is  a  constituent  of  milk,  and 
not  formed  by  manipulation  during  isolation  (exper.  28  to  41).  With 
such  a  relative  excessive  proportion  of  other  proteins  present  in  the 
milk,  it  is  not  to  be  expected  that  effective  sensitization  with  milk 
can  be  obtained.  The  amounts  of  the  alcohol  soluble  protein  which 
give  strong  sensitization  to  milk  are  so  small  (3  to  4  mg.)  that 
sensitization  with  admixed  casein  seems  to  be  excluded,  since  less 
than  1  mg.  doses  of  casein  sensitize  but  little. 

Experiments  54  to  57  indicate  that  beef  serum  does  not  contain 
the  alcohol-soluble  protein  of  milk. 

SUMMARY 

Cow's  milk  contains  4  chemically  distinct  proteins  or  protein  frac- 
tions, namely,  casein,  lactalbumin,  lactoglobulin  and  an  alcohol-soluble 
protein.  By  means  of  the  anaphylaxis  test  it  can  be  shown  that  these 
4  proteins  are  immunologically  distinct.  This  fact  furnishes  another 
striking  illustration  of  the  dependence  of  immunologic  specificity  on 
chemical  composition  rather  than  biologic  origin.  Of  these  4  proteins 
only  one,  the  globulin,  sensitizes  to  beef  serum  or  causes  reactions 
in  animals  sensitized  to  beef  serum.  This  corresponds  to  the  observa- 
tion of  Crowther  and  Raistrick  that  lactoglobulin  and  serum  globulin 
are  chemically  indistinguishable.  That  some  positive  cross  sensitiza- 
tions may  be  occasionally  obtained  between  cow's  milk  and  beef  serum 
is  explained  by  the  fact  that  the  globulin  constitutes  a  very  small 
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part  of  the  milk  proteins.  Several  other  protein  fractions  obtained 
in  studying  milk  proteins  were,  according  to  anaphylaxis  tests,  not 
distinct  from  the  4  known  proteins  of  milk.  Our  experience  with 
milk  proteins,  as  well  as  with  proteins  of  other  sources,  has  demon- 
strated that  immunologic  methods  are  a  great  aid  and  in  many  cases 
indispensable  in  preparing  proteins  in  a  state  of  purity,  and  may  be 
used  to  furnish  information  concerning  chemical  relations  of  proteins 
from  different  sources. 
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Throughout  most  of  the  anhnal  kingdom  prunary  carcinoma 
of  the  skin  is  met  with  but  rarely,  in  contrast  with  its  great 
frequency  in  man,  and  also  with  the  relative  frequency  of  other 
cutaneous  and  subcutaneous  tumors  in  animals.  The  existing 
literature  on  spontaneous  tumors  in  animals  indicates  that  no 
species  except  dogs,  horses,  and  fowls,  show  skin  carcinoma 
except  as  a  rare  condition,  and  this  is  of  particular  significance 
in  view  of  the  fact  that  skin  carcinomas  are  more  certain  to  be 
recognized  than  those  in  any  other  location  and  hence  their 
relative  infrequency  is  even  more  marked  than  any  statistical 
evidence  would  indicate.  Presumably  the  unprotected  con- 
dition of  the  human  skin  accounts  for  its  susceptibility  to  cancer, 
as  the  hairy  scalp  rarely  shows  primary  carcinoma,  and  the 
pigmented  skin  of  the  negro  also  seems  insusceptible. 

The  classical  compilation  of  Sticker  (1),  which  contains  records 
of  many  tumors  not  fully  differentiated  according  to  modem 
criteria,  gives  the  following  relative  frequency  in  this  material 
of  skin  tumors  in  different  species : 
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SPECIES 

Hone 

Cattle 

Dog 

Cat 

Swine 

Total  carcinomas 

332 
22 
14 
4 
8 
52 
11 

78 
2 
2 

1 

2 

1 

766 
166 

8 

89 
16 

21 
6 

1 
1 

12 

Skin          

2 

Eye 

Lio 

Anus t . ,  -  T 

Penis 

Vulva 

The  extensive  compilation  by  Teutschlaender  (2)  of  the  distri- 
bution of  tumors  in  animals  shows  that  cases  of  squamous  cell 
carcinoma  have  been  described  in  but  few  species,  according  to 
his  records,  namely:  cat,  dog,  mouse,  rat,  elephant,  beef,  sheep, 
pig,  horse,  mule,  cockatoo,  toucan,  chicken,  carp,  and  gold  fish. 
However,  in  another  table  he  mentions  also  a  case  in  a  stag. 

Apparently  birds  develop  cutaneous  carcinoma  somewhat 
more  often  than  most  other  animals,  but  even  here  there  are 
but  few  recorded.  In  their  summary  of  the  literature  on  tumors 
in  birds,  Joest  and  Emesti  (3)  found  but  4  of  37  tumors  described 
in  birds  to  be  skin  carcinomas,  those  being  two  found  on  the  legs 
of  chickens  by  Wernicke;  one  on  the  wing  of  a  '^papapeis" — 
reported  by  Guerrini,  and  one  on  the  wing  of  a  toucan  reported 
by  Herbert  Fox  (4),  this  last  case  exhibiting  also  a  metastasis 
in  the  lung.  In  none  of  their  own  50  cases  of  tumors  in  birds 
was  a  skin  carcinoma  described.  This  compilation,  as  well  as 
all  others  that  we  have  observed,  omits  the  striking  case  of 
squamous  carcinoma  of  the  skin  of  the  foot  of  a  hen  described 
by  Boynton  (5),  in  which  transplantations  were  made  without 
success.  More  recently  a  similar  tumor  arising  on  the  thumb 
claw  of  a  lark  has  been  reported  by  Urra  (6).  Two  cases  of 
squamous  cell  carcinoma  of  the  mouth  in  fowls  have  been 
described  by  Pick  and  Koch.  The  experience  of  Teutschlaender 
(7)  is  unique,  for  he  reports  that  of  54  carcinomas  in  fowls 
observed  in  the  cancer  laboratory  at  Heidelberg,  28  were  skin 
epitheliomas,  of  which  18  were  on  the  foot,  attributed  to  the 
irritation  of  parasitic  infection  of  the  epidermis  {Cnemidocop- 
tesmilben). 
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Apparently  fish  are  subject  to  skin  tumors  of  various  structure, 
including  carcinoma.  Thus,  Fiebiger  (8)  reports  cases  of  epi- 
thelioma occurring  on  the  lip  of  each  of  two  ^^Schlei'^  {Tinea 
vulgaris  Cuvier)  coming  from  the  same  pond,  a  markedly  malig- 
nant skin  epithelioma  in  a  carp,  and  mentions  papillomatous 
growths  in  several  specimens  of  Kletterfish  {Anahus  scandens). 
Plehn  has  also  described  numerous  skin  epitheliomas  in  cyprinoid 
fishes.     ' 

Bashford  has  reported  a  squamous  cell  carcinoma  in  a  small 
fish,  Gasterosteur  spinachia,  two  cases  of  carcinoma  of  the  skin 
in  frogs,  and  a  carcinoma  of  the  skin  glands  in  a  Triton. 

Among  mammals  the  dog  alone  seems  to  be  commonly  sub- 
jected to  skin  carcinoma,  if  we  except  the  carcinoma  of  the  penis 
and  prepuce  occurring  not  infrequently  in  horses  and  oxen.  It 
would  seem  to  be  not  uncommon  in  cats  according  to  the  experi- 
ence of  Roffo  (9),  who  found  7  tumors  in  307  cats  examined,  of 
which  4  were  skin  carcinomas  on  the  head  and  face,  with  lymph 
gland  metastases,  but  none  of  11  cases  of  tumors  in  cats  col- 
lected by  Bashford  (10)  was  of  this  type,  and  but  2  of  48  tumors 
in  dogs,  although  there  were  several  squamous  cell  growths  in 
the  mouth  and  pharynx.  Leo  Loeb  (11)  reported  in  1903  that 
from  one  to  three  carcinomas  of  the  inner  canthus  of  the  eye 
were  observed  every  week  in  the  Chicago  stock  yards,  but  in 
one  year  no  other  external  carcinomas  were  observed  except 
two  of  the  vulva. 

Rodents  seem  to  have  skin  carcinoma  but  rarely.  The  large 
series  of  wild  rats  autopsied  in  plague  work  and  examined  for 
tumors  (McCoy,  Woolley  and  Wherry,  Beatti)  have  revealed 
no  such  growths  except  for  an  epithelioma  of  the  vulva  reported 
by  Woolley  and  Wherry  (12).  It  will  be  recalled  that  the  early 
transplantation  experiments  of  Hanau  (13)  were  with  a  squamous 
cell  carcinoma  from  the  vulva  of  a  white  rat,  and  he  states  that 
there  had  been  two  previous  cases  of  similar  growths  in  rats  in 
their  laboratory.  Roffo  (14)  has  also  observed  a  squamous  cell 
carcinoma  which  arose  in  the  vulva  of  an  old  white  rat,  which  was 
transplanted  through  six  generations  without  change  in  structure. 
In  view  of  the  great  frequency  of  parasitic  skin  infection  in  rats, 


60  MAUD  SLYE,   H.   F.   HOLMES  AND  H.   G.   WELLS 

*'rat  scabies, '*  commonly  with  extreme  papillomatous  prolifer- 
ation of  the  epithelium  (15),  it  is  strange  that  epithelioma  has 
not  been  more  frequently  observed.  Of  123  cases  of  spontaneous 
rat  tumors  reported  in  the  literature  and  collected  by  Bullock 
and  Rohdenburg  (16),  there  were  but  three  epitheliomas,  one  of 
the  tongue  and  two  of  the  vulva.  They  reported  on  48  rat 
tumors  observed  in  the  Crocker  Laboratory,  one  of  which  was 
an  epithelioma  of  the  head,  which  was  not  described  further. 
Morris  (17)  has  reported  a  basal  cell  carcinoma  which  arose  in 
the  skin  of  a  male  rat,  five  months  old,  and  which  died  out  after 
two  generations  of  transplants.  He  was  unable  to  find  other 
recorded  instances  of  basal  cell  carcinomas  in  animals. 

Several  instances  of  squamous  cell  carcinoma  have  been 
described  in  mice,  but  they  form  an  insignificant  proportion  of 
the  many  spontaneous  tumors  that  have  been  observed  in  this 
species.  Nevertheless  they  were  looked  upon  as  of  great  signifi- 
cance in  the  early  days  of  experimental  cancer  research,  since 
they  estabhshed  the  fact  that  mice  had  other  forms  of  tumor 
than  the  predominating  mammary  gland  carcinoma.  Haaland 
(18)  reported  a  case  of  squamous  cell  carcinoma  arising  in  the 
mouth  of  a  mouse  in  BorreFs  laboratory,  involving  the  lower 
jaw,  showing  a  typical  squamous  cell  structure.  Six  mice  were 
inoculated  from  this,  but  as  in  six  months  they  showed  no 
growths  they  were  put  back  into  the  cage  with  the  others.  Ten 
months  after  the  inoculations  ^'deux  cas  identiques  de  cette 
m^me  tumeur  apparurent  en  m^me  temps  dans  cette  cage," 
but  it  was  not  known  whether  these  were  inoculated  mice  or  not 
and  Haaland  does  not  make  clear  whether  these  later  tumors 
were  in  the  mouth,  although  this  is  apparently  what  he  means. 
Later  he  observed  a  third  case  of  mouth  cancer  in  a  mouse 
recently  inoculated  with  a  Jensen  tumor.  No  growths  developed 
in  mice  inoculated  from  this  mouth  tumor. 

Murray  (19)  in  1908  described  the  following  cases  of  super- 
ficial squamous  cell  carcinoma  in  mice:  (1)  A  prickle  cell  growth 
with  apparently  little  keratinization,  arising  in  the  skin  of  the 
neck,  with  metastasis  into  an  adjacent  lymph  gland.  (2)  A 
carcinoma  presenting  both  alveolar  and  squamous  cell  areas, 
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with  keratinizing  metastases  in  the  lung.  Presumably  this  tumor 
arose  in  the  mammary  gland.  (3)  Prickle  cell  growth  without 
keratinization,  interpreted  as  primary  in  the  nipple;  this  mouse 
also  had  had  a  hemorrhagic  adenocarcinoma  of  the  mammary 
gland  removed  by  operation.  In  discussing  the  mammary 
gland  tumors  he  also  describes  the  occurrence  of  areas  of  keratin- 
ization within  tubular  carcinomas,  and  regards  them  as  indi- 
cations of  the  close  association  of  the  mammary  apparatus  with 
the  skin  from  which  it  develops,  and  points  out  that  the  ampulla 
which  receives  the  terminal  portions  of  the  mammary  ducts  is 
also  lined  by  stratified  squamous  epithelium.  ^ '  Therefore,  should 
the  cells  of  the  new  growth  have  taken  their  origin  near  the 
nipple,  variations  in  either  direction  are  only  to  be  expected.'^ 

In  his  later  report  from  the  London  laboratories,  Haaland 
(20)  states  that  of  353  spontaneous  tumors  observed  (not 
including  those  in  Murray ^s  report),  22  were  squamous-celled 
carcinomas  with  marked  keratinization,  of  which  14  arose  in 
the  mammary  region  and  8  outside  it.  Of  these  8,  3  were  mouth 
tumors  similar  to  those  observed  in  Borrel's  laboratory,  appar- 
ently arising  in  the  mucous  membrane  of  the  inside  of  the  cheek, 
there  being  in  one  metastases  in  the  lymph  nodes.  One  seemed 
to  have  arisen  on  the  surface  of  the  head,  and  it  penetrated  the 
skull;  grafts  from  this  were  successful.  (The  illustrations  of 
these  tumors  show  the  gross  relations  of  such  tumors  so  well 
that  we  are  spared  the  necessity  of  reproducing  further  illus- 
trations.) Three  tumors  were  described  as  superficial  verrucous 
growths,  on  the  vulva,  anus,  and  left  flank.  One  was  a  typical 
squamous  cell  carcinoma  of  the  skin  of  the  chest,  developing  as 
a  superficial  ulcerating  growth,  ^'undoubtedly  from  the  skin 
itself,  or  from  the  mammilla."  A  case  of  mixed  squamous  and 
sebaceous  carcinoma  of  the  vulva  is  also  mentioned. 

Several  of  the  keratinizing  mammary  tumors  differ  from 
typical  squamous  cell  carcinomas,  and  their  cutaneous  origin  is 
doubtful.  Four  are  described  as  resembling  ''molluscoid"  tumors, 
characterized  by  long  radiating  cylinders  of  cells  with  a  central 
keratinized  zone,  found  in  the  mammary  region  and  not  giving 
successful  transplants.     Four  tumors  are  described  as  ''typical 
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squamous-celled  alveolar  carcinomata  in  the  mammary  region. " 
Six  others  are  called  ^'adenocancroids/'  these  being  unques- 
tionably mammary  gland  adenocarcinomas  in  which  areas  of 
keratinization  occur.  Attention  is  called  to  the  occurrence  of 
squamous-celled  cysts  in  the  normal  mamma,  apparently  arising 
from  mammary  ducts  in  which  the  epithelium  has  become 
metaplastic,  and  which  perhaps  explains  the  occurrence  of 
keratinizing  carcinoma  in  the  mammary  gland.  As  squamous- 
celled  growths  have  also  been  found  rarely  in  the  human  breast, 
as  well  as  in  cats  and  dogs — Teutschlaender  (21) — the  disease 
in  mice  is  not  without  analogy,  although  apparently  relatively 
frequent  among  the  mammary  gland  tumors  of  this  species. 
Presumably  in  some  stocks  of  mice  keratinization  is  even  more 
common  in  mammary  gland  carcinoma  than  the  above  reports 
indicate,  for  Woglom  (30)  found  this  change  in  228  of  1000 
spontaneous  mammary  gland  carcinomas  examined  in  the  Crocker 
Laboratory. 

Pick  and  Poll  (22)  reported  as  a  ''sweat  gland  carcinoma"  a 
tubular  growth  arising  near  the  scapula  of  a  mouse,  but  the 
description  published  does  not  permit  the  exclusion  of  a  mammary 
gland  origin. 

Erdheim  (23)  described  a  pedunculated  tumor,  which  gave  no 
evidence  of  mahgnancy,  but  exhibited  a  histological  structure 
resembling  squamous  cell  carcinoma.  It  arose  from  the  vulva 
of  a  mouse,  and  after  the  outer  part  of  the  growth  had  been 
removed  the  base  healed  spontaneously.  He  was  unable  to 
classify  this  tumor,  beyond  indicating  that  it  was  a  stratified 
epithelial  neoplasm. 

Tsutsui  (24)  has  produced  carcinoma  on  the  skin  of  the  back 
of  mice  by  painting  with  tar,  after  the  procedure  used  by  Yama- 
giwa  with  the  ears  of  rabbits,  observing  16  carcinomas  and  1 
sarcoma  in  17  mice  surviving  over  100  days.  In  two  cases  lung 
metastases  were  observed. 

We  find  no  other  reports  of  squamous  cell  carcinoma  arising 
in  the  skin  or  mouth  of  mice,  which  indicates  their  relative 
infrequency,  since  such  tumors  are  most  obvious  when  they  do 
occur.    Thus,   Tyzzer   (25)   in  his  report  of  83  spontaneous 
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tumors  in  mice  includes  no  tumors  of  this  type.  In  the  41 
primary  mouse  tumors  described  by  Jobling  (26)  there  were  no 
skin  epitheliomas,  although  there  was  one  of  the  moUuscoid 
keratinizing  tumors  such  as  Murray,  Haaland,  and  Tyzzer  have 
described. 

Squamous  cell  carcinomas  outside  the  mammary  gland  and 
skin  of  mice  are  rare.  Tyzzer  reported  that  among  his  lung 
tumors  ^4n  several  cases''  the  growth  was  of  an  epidermoid 
character,  and  Haaland  described  one  such  tumor.  In  our 
previous  paper  on  primary  carcinoma  of  the  stomach  in  mice 
(27),  we  collected  four  cases  of  squamous  cell  gastric  carci- 
noma reported  in  the  literature  and  added  three  more  in  our 
own  material,  as  well  as  one  case  of  squamous  carcinoma  in  the 
external  surface  of  a  chronically  prolapsed  rectum.  Fiebiger 
(31)  has  also  reported  the  occurrence  of  a  few  instances  of 
squamous  cell  carcinoma  produced  experimentally  in  the  stomach 
of  mice  by  feeding  cockroaches  injected  with  Spiroptera.  We 
have  found  no  reports  of  squamous  cell  carcinomas  arising  in  the 
esophagus  or  urinary  tract,  or  in  the  cervix  uteri,  or  in  any  other 
structure  where  they  might  be  found  in  mice,  except  such  as 
have  been  mentioned  above. 

OBSERVATIONS   ON   SKIN   TUMORS   AND    SQUAMOUS    CELL 
CARCINOMAS   IN   THE    SLYE    STOCK   OF   MICE 

In  28,000  consecutive  autopsies  performed  on  mice  of  this 
stock,  which  had  been  permitted  to  live  as  long  as  possible 
without  any  experimental  manipulations  whatever,  we  have 
observed  the  following  instances  of  primary  neoplasms  of  squa- 
mous  or  stratified  epithelial  structure. 

Primary  squamous  cell  carcinoma  of  the  skin  and  mouth 70 

Primary  basal  cell  carcinoma  of  the  skin 15 

Primary  keratinizing  carcinoma  of  the  mammary  gland 56 

Primary  squamous  cell  carcinoma  of  the  stomach 4 

Primary  keratinizing  carcinoma  of  the  lung 1 

Primary  squamous  cell  carcinoma  of  the  rectum 2 

Primary  squamous  cell  carcinoma  of  the  vagina 1 

Primary  stratified  carcinoma  of  the  meibomian  gland 2 

Primary  sebaceous  gland  adenocarcinoma 1 
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As  we  have  not  yet  made  a  complete  analysis  of  all  the  tumors 
observed  in  these  28,000  autopsies  the  proportion  of  stratified 
cell  tumors  to  total  tumors  cannot  be  stated.  Roughly  there 
are  probably  about  4000  primary  spontaneous  tumors  of  all  sorts, 
so  that  these  squamous  cell  tumors  constitute  not  far  from  4  per 
cent  of  the  total. 

CARCINOMA    OF   THE   SKIN 

In  our  material  are  85  malignant  epithelial  growths  arising  in 
the  skin,  mouth,  and  lips,  excluding  those  squamous  cell  growths 
that  seem  to  be  derived  from  mammary  gland  tissue  and  strat- 
ified cell  growths  from  other  glands.  Of  these,  70  are  of  squamous 
cell  type  and  15  of  basal  cell  character.  Since  many  of  the 
tumors  which  arise  about  the  lips  and  mouth  are,  when  observed, 
so  extensive  that  their  exact  point  of  origin  cannot  be  deter- 
mined, we  have  grouped  them  together  with  the  skin  tumors. 
Koughly  classifying  the  site  of  the  70  squamous  cell  growths,  13 
were  in  the  skin  of  the  trunk,  one  on  a  front  limb,  2  on  the  vulva, 
15  about  the  lower  jaw,  18  on  some  other  portion  of  the  face, 
and  23  about  the  ears  or  neck;  that  is,  all  but  16  of  the  70  were 
on  the  head  and  neck.  Presumably  this  is  to  be  explained  by  the 
much  greater  amount  of  traumatism  suffered  by  the  skin  in  this 
part  of  the  body,  which  is  especially  marked  in  cage  mice  which 
are  always  rubbing  their  muzzles  against  the  rough  wire  meshes 
of  the  cages.  The  tumors  of  the  jaw  and  mouth  in  several 
instances  seemed  to  have  resulted  from  the  irritation  produced 
by  broken  or  protruding  teeth.  Nearly  all  of  the  carcinomas 
arising  on  the  trunk  were  definitely  located  at  the  site  of  a  healed 
wound,  and  in  not  a  few  of  those  of  the  head  the  same  origin 
was  observed;  it  is  probable  that  less  obvious  wounds  are  respon- 
sible for  many  if  not  all  of  the  others.  A  chronic  dermatitis 
often  preceded  the  carcinomas  of  the  skin  of  the  face,  presumably 
incited  by  traumatism.  The  not  uncommon  fungus  infections 
of  the  skin  seem  to  be  too  rapid  in  their  course  to  lead  to  carci- 
noma formation. 
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Clinically  these  growths  are  similar  to  corresponding  forms  of 
carcinoma  in  man  (fig.  1).  The  age  at  which  they  occur  is,  on 
an  average,  later  than  Avith  any  other  mouse  tumors,  as  they 
rarely  appear  before  late  middle  life,  and  usually  only  in  old 
age.  They  arise  under  crusted  ulcers,  or  develop  in  areas  of 
hyperplasia  from  chronic  irritation,  spread  slowly  as  crusting, 
ulcerated  growths,  destroying  at  times  the  eyes  or  other  features, 
usually  remain  superficial,  and  most  often  cause  death  by  chronic 
infection  of  the  ulcerated  surface,  which  may  also  lead  to  acute 


Fig.  1.  Head  and  Face  of  Mouse  with  Extensive  Basal  Cell  Carcinoma 
OF  THE  Skin,  of  at  Least  Five  IVIoxths  Duration.     No.  7874 

abscess  formation.  Occasionally  death  results  from  starvation 
when  the  cancer  involves  the  mouth  or  jaw,  from  hemorrhage, 
invasion  of  the  skull,  or  other  coincident  diseases. 

The  microscopic  diagnosis  of  the  skin  neoplasms  is  often 
difficult,  especially  with  the  basal  cell  growths,  since  we  find  all 
stages  of  epithelial  overgrowth  from  simj)lo  hyperplasia  to 
metastasizing  carcinomas.  Tn  this  series  no  growth  is  hicluded 
as  a  carcinoma  unless  it  exhibited  both  the  gross  and  clinical 
features  of  malignancy  together  with  disthict  microscopic 
evidence  of  infiltrative  character.  The  extensive  destruction  of 
these  growths  l)y  infective  processes  often  obscures  the  micro- 
scopic findhigs.     In  several  instances  a  growth  that  presented 


Fig.  2,  Typical  Squamous  Cell  Carcinoma  of  the  Jaw,  with  Formation  of 
Abundant  Epithelial  Pearls.     No.  23331.     X  60 


Fig.  3.  Squamous  Cell  Carcinoma  of  the  Jaw  Infiltrating  Adjacent  Tissues 
Extensively.    Type  with  Litfle  Hornific.\tion.     No.  26238.     X  60 
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all  the  clinical  features  of  carcinoma  has  been  found  at  autops}^ 
so  extensively  necrotized  and  suppurating  that  only  examina- 
tion of  numerous  sections  from  different  parts  of  the  growth 
has  established  the  diagnosis  of  carcinoma.  It  is  quite  possible 
that  we  have  lost  a  few  genuine  carcinomas  through  such  destruc- 
tive processes,  to  say  nothing  of  cases  in  which  the  cannibal- 
istic mate  has  selected  the  neoplasm  for  the  first  course. 


Fig.  4.  Squamous  Cell  Carcinoma  of  Skin  of  Chest  Auisinc;  in  the  > 
OF  AN  Old  Wound,  the  Scar  Tissue  Beino  Abundant  in  this  Field, 
AND  the  Relation  of  the  Cancer  Growth  to  the  Over- 
lying Skin  Beinc;  Shown.     No.  S'il'i.     X  45 

The  microscopic  features  of  the  scjuamous  cell  carcinoma 
the  skin  and  mouth  of  mice  differ  not  at  all  from  those  that 
occur  in  man.  Usually  hornification  is  marked  (fig.  2),  but,  as 
in  man,  growths  from  a  similar  origin  may  show  little  or  no 
tendency  to  fonn  keratin  (fig.  '.^).  Usually  the  amount  of 
connective  tissue  formation  is  not  large,  excej)t  hi  some  cases 
where  the  cancer  has  devel()j)e(l  in  scar  tissue  from  old  wounds 
(fig.  4).     Little  help  in  diagnosis  is  afforded  by  mitotic  figures, 
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since  these  are  scant}-  in  even  the  most  typically  malignant 
growths,  and  connnonly  cannot  be  found  at  all.  Presumably 
they  would  be  nuich  more  numerous  if  the  tumors  were  removed 
from  the  living  animal. 

The  infiltrative  character  of  growth  is  not  usually  so  extensive 
as  we  are  accustomed  to  see  it  in  man,  for  the  mice  generally 
succumb   to  infection   from   the   ulcerated  growth   w^hile  it  is 


Fig.  5.  Squamous  Cell  Carcinoma  of  the  Head  and    Face  Invading  the 
Spinal   Column    in   the    Cervical   Region.    Compressing   the 
Spinal  Cord  and  Infiltrating  the  Meninges 
This  tumor  also  invaded  the  skull.     No.  23766.     X  60 

still  small.  Infiltration  is  usually  seen  best  in  the  tumors  that 
arise  about  the  jaws,  for  here  the  bone  is  often  invaded.  Bone 
infiltration  was  observed  in  7  of  the  15  tumors  that  arose  about 
the  jaw.  We  have  had  one  striking  case  (23766)  in  which  a 
carcinoma  of  the  skin  of  the  head,  beginning  at  the  base  of  the 
right  ear,  infiltrated  the  skull  and  cervical  vertebral  canal, 
infiltrating  the  meninges  about  the  cerebellum  and  compressing 
the  spinal  cord  in  the  cervical  region  (fig.  5).     This  case  resembles 


SQUAMOUS    CELL    CARCINOMAS    IN    MICE  69 

the  one  described  and  pictured  by  Haaland,  in  which  the  skull 
was  invaded.  In  two  instances  we  have  seen  infiltration  of  the 
salivary  glands,  and  in  three  cases  an  adjacent  lymph  node 
w-as  involved  apparently  by  direct  extension. 

The  absence  of  lymphatic  metastasis  is  a  striking  feature 
of  these  tumors  when  compared  with  corresponding  growths  in 
man,  w^hich  is  true  of  all  forms  of  carcinoma  in  mice.  In  only 
tw^o  cases  did  we  find  a  secondary  growth  by  metastasis  into  a 
lymph  node  from  a  skin  carcinoma  (7950,  15232),  and  it  was  a 
very  common  observation  that  l3^mph  nodes  immediately 
adjacent  to  or  in  contact  with  these  squamous  cell  growths, 
were  not  involved.  Possibly  serial  sections  of  all  our  mice  would 
have  revealed  other  instances  of  metastasis,  but  the  value  of 
the  information  did  not  seem  commensurate  with  the  labor 
involved.  In  only  one  case  did  we  find  visceral  metastasis 
(12627).  This  mouse  had  a  squamous  cell  carcinoma  arising 
just  dorsal  to  the  rectum,  and  a  typical  secondary  nodule  about 
1  mm.  in  diameter  in  the  lung;  it  also  had  a  tubular  carcinoma 
of  the  mammary  gland  which  had  produced  no  metastasis.  The 
infrequency  of  metastasis  in  this  series  of  spontaneous  squamous 
cell  carcinoma  is  significant  when  compared  with  Yamagiwa's 
experimental  tar  tumors  in  rabbits,  since  the  infrequency  of 
metastasis  in  his  material  has  been  thought  b}^  some  to  speak 
against  their  being  true  malignant  tumors.  As  a  matter  of  fact- 
the  metastasis  incidence  obtained  by  him,  and  by  Tsutsui  with 
experimental  skin  tumors  in  mice,  is  distinctly  higher  than  that 
observed  in  these  spontaneous  growths. 

The  sex  incidence  is  strongly  in  favor  of  the  female  (49  to  21) 
in  this  series.  As  most  of  the  growths  were  on  the  head  and 
neck  we  cannot  account  for  this  on  the  basis  of  erroneous  inclusion 
of  squamous  carcinomas  of  the  mammary  gland  with  our  skin 
tumors.  It  differs  from  our  experience  with  other  growl  lis  of  non- 
reproductive  tissues  which  have  shown  a])pr()ximate  e(iuality  as 
to  sex  incidence.  Even  more  than  with  other  tumors  we  have 
found  that  age  is  an  hnportant  factor,  these  sciuamous  cell  carci- 
nomas of  the  skin  benig  predominatingly  in  old  mice,  and  as 
many  male  mice  die  early  from   wounds  received  in   fighting 
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this  may  account  for  the  relative  preponderance  of  females  in 
this  series. 

Beyond  the  relatively  slight  extent  of  infiltration  and  metas- 
tasis these  carcinomas  present  no  noteworthy  differences  from 
human  skin  carcinomas.  Often  the  amount  of  keratin  scales  piled 
up  on  the  surface  is  strikingly  great,  and  in  one  case  the  carci- 
noma arose  at  the  base  of  definite  cutaneous  horns  (25785). 
There  is  often  a  noteworthy  amount  of  calcification  of  the 
necrotic  scales.  Cyst  formation  is  frequently  observed,  and 
benign  cutaneous  cysts  have  been  observed  in  several  mice. 

The  basal  cell  carcinomas  all  arose  on  the  face,  ears,  and  head 
(fig.  1),  9  of  the  15  being  in  females.  Because  these  growths 
are  of  relatively  low  malignancy,  as  in  man,  they  present  partic- 
ular difficulty  in  diagnosis,  and  we  have  set  aside  as  ''precan- 
cerous" numerous  instances  of  basal  cell  h3^erplasia  of  marked 
degree  which  did  not  present  unqualified  proof  of  malignancy. 
Quite  frequently  enormous  hyperplasia  of  the  cells  about  the 
hair  follicles  produces  tumors  of  considerable  size,  and  in  these 
may  be  found  areas  highly  suggestive  of  malignancy,  in  that 
altogether  atypical  plugs  and  masses  of  basal  cells  are  formed, 
as  shown  in  figure  6.  Such  growths,  which  very  probably 
would  have  shown  unqualified  malignancy  had  the  mouse  lived 
longer,  have  not  been  included  among  the  basal  cell  carcinomas. 
In  general,  basal  cell  carcinoma  in  the  mouse  corresponds  entirely 
to  the  corresponding  growth  in  man  (fig.  7).  To  quote  Mac- 
Callum  (28),  ''In  spite  of  the  complexity  of  the  downward 
growing  strands  all  reach  lo  about  the  same  level.  Further, 
it  is  seen  that  they  are  verj'  sharply  outlined  against  the  stroma 
and  show  little  inclination  to  strew  their  cells  into  the  irregular 
crevices  of  that  tissue. "  We  have  found  the  various  modifica- 
tions of  basal  cell  growths  commonly  described,  such  as  the 
formation  of  tubules  suggestive  of  undeveloped  hair  follicles, 
homifying  surface  areas  with  typical  basal  cell  growths  beneath, 
and  the  so-called  adenoid  epithelioma  which  seems  intermediate 
between  basal  and  squamous  cell  growths.  Among  our  keratin- 
izing carcinomas  of  the  mammary  gland  was  one  of  cells 
that  suggested  a  basal  cell  character.       No  metastases  were 


Fig.  6.  Basal  Cell  Hyperplasia  of  an  Irritated  Muzzle,  with  Areas  of 
More  Atypical  Growth 
There  have  been  numerous  such  growths,  which  are  probably  properly  desig- 
nated as  precancerous,  but  may  be  actually  malignant.     No.  16563.     X  60. 


Fig.    7.  Basal    Cell    Cahcinoma    W  iik  ii    was     IIkmily    Malkjnaxt,    as    It 

Entirely  Keplackd  tui;  I"a(  i:,  I)i;sth(»vin(;  Both  JOyes,  and  Forming 

Timor  .Massi:s  in  tin:  Oinurs.     No.  \)\):V2.     X  00 


72  MAUD   SLYE,    H.    F.    HOLMES   AND   H.    G.    WELLS 

observed  among  these  cases,  although  in  one,  extensive  infiltra- 
tion  destroyed  both  eyes  and  produced  large  tumor  masses  in 
the  eye  sockets.  Several  of  these  growths  arose  at  the  site  of 
distinct  scars  from  wounds.  ' 

Despite  the  fact  that  these  skin  tumor  mice  were  all  well 
advanced  in  age  the  co-existence  of  other  tumors  is  lower  than 
that  seen  in  many  other  forms  of  mouse  tumor.  Perhaps  one 
factor  in  this  is  that  most  of  the  mice  with  skin  cancer  had  lived 
beyond  the  age  at  which  other  tumors  occur  most  frequently. 
It  also  seems  that  the  heredity  of  these  mice  is  responsible  to 
some  extent,  but  a  complete  analysis  of  this  factor  has  not  yet 
been  made.  Of  the  85  cases,  in  which  58  were  females  and  27 
males,  but  6  showed  a  carcinoma  of  the  mammary  gland,  7 
exhibited  lung  adenoma  (including  one  that  also  had  a  mammary 
gland  carcinoma),  one  had  an  adenoma  of  the  ovarj^  and  one 
seemed  to  have  pseudoleukemia.  Despite  the  number  of  old 
wounds  in  these  mice  no  cases  of  sarcoma  were  observed,  presum- 
ably because  of  either  old  age  or  ancestry,  but  one  case  of  carci- 
noma arising  in  the  mouth  and  infiltrating  the  jawbone,  showed 
such  a  flattening  of  the  deeper  cells  that  for  some  time  we  were 
in  doubt  whether  or  not  it  was  an  instance  of  mixed  sarcoma 
and  carcinoma.  This  case  (8560)  is  described  and  pictured  in 
our  article  on  sarcoma  in  mice  (29). 

SQUAMOUS    CELL   CARCINOMAS    OF   THE    MAMMARY    GLAND 

The  keratinizing  carcinomas  of  the  mammary  gland  form  an 
interesting  group,  and  properly  lie  outside  the  scope  of  this 
paper,  except  for  the  fact  that  with  not  a  few  of  them  it  is 
extremely  difficult  to  tell  whether  we  are  dealing  with  a  primary 
mammary  gland  carcinoma  or  a  skin  carcinoma  arising  over  the 
mammary  gland.  Three  types  of  these  tumors  can  be  dis- 
tinguished. 

1.  Carcinomas  of  the  mammary  gland  which  are  essentially 
cylindrical  cell  carcinomas,  forming  tubules  and  alveoli,  but 
some  areas  of  which  undergo  a  transformation  into  stratified 
epithelium  with  the  formation  of  keratin,  often  in  large  amounts 
(fig.   8).     These   are   the    ^'adenocancroids'^    of    Murray    and 


Fig.  8.  Tubular  Alveolar  Carcinoma  (" Adenocaxcroid'')  of  the  Mammary 
Gland  with  Areas  of  Keratinization 
To  the  left  is  seen  a  band  of  densely  keratinized  tissue  with  no  evidence  of 
its  glandular  origin.     Xo.  13336.     X  60. 


Fig.  9.  Sufeufkial  Adknocancroid,  .\itauentlv  ,\iusi\<;  in  the  Ducts  ok 

the  Mammakv  (Ilam) 
Shows  very   little  evidence  of  origin    in   glandular  tissue.     This  mouse  also 
had  three  other  tubular  carcinomas  of  the  mammary  gland  without  keratiniza- 
tion     Xo.  b")3()0      X  60. 
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Haaland.  It  is  probai)ly  of  some  significance  that  the  keratin- 
ization  is  usually  most  marked  in  the  portions  nearest  the 
cutaneous  surface,  as  if  it  began  in  the  ducts.  The  amount  of 
keratinization  varies,  sometimes  appearing  in  only  a  few  small 
spots  in  the  tumor  tissue,  but  often  extending  until  little  of  the 
original  columnar  cell  type  of  tissue  remains. 


^;^ 


Fig.  10.  Keratinizing  Cysts  in  the  Mammary  Gland 
Such  structures  are  not  infrequently  found,  and  may  be  the  precursors  of  some 
of  the  malignant  keratinizing  carcinomas  of  the  mammary  gland.    No.  8271. 
X40. 

2.  Squamous-celled  keratinizing  carcinomas  without  any 
evidence  whatever  of  cylindrical  cell  structure,  but  arising 
subcutaneously  in  the  mammary  regions  (fig.  9).  Many  of  these 
present  no  histological  evidence  that  they  are  derived  from  the 
cells  of  the  mammary  gland,  but  they  are  observed  to  arise 
within  the  gland  substance  and  sometimes  are  still  entirely 
subcutaneous  when  the  mouse  dies.     The  occasional  presence 
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within  the  mammary  gland  of  what  seem  to  be  simple  benign 
cysts  of  stratified  epithelimn  with  masses  of  desquamated  horni- 
fied  material  (fig.  10)  indicates  the  probable  origin  of  such  tumors. 
When  they  ulcerate  on  the  surface  it  may  be  impossible  to 
differentiate  them  from  primary  carcinoma  of  the  skin  or  nipple, 
for  histologically  they  differ  little  if  at  all  from  the  usual  squamous 


Fig.  11.  MoLLUscoiD  Carcinoma  of  the  Mammary  Gland 

This  growth,  which  arose  in  an  inguinal  mammary  gland,  invaded  the  abdomi- 
nal wall  and  protruded  into  the  pelvis,  but  produced  no  metastases.  A*non- 
keratinizing  carcinoma  of  the  mammary  gland  was  also  i)re8ent  which  ])roduced 
pulmonary  metastases.     Xo.  1.5622.     X  ()0. 

cell  carcinoma  of  the  skin.  When  observed  early  their  origin 
in  the  gland  beneath  the  skm  is  usually  the  chief  ground  for 
recognizing  them  as  mammary  gland  tumors;  nevertheless,  the 
fact  that  after  differentiating,  on  a  histological  basis  solely,  the 
skin  carcinomas  from  the  mannnary  gland  carcinomas  we  found 
that  nearly  all  those  we  had  selected  as  of  cutaneous  origin  had 
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arisen  at  the  site  of  old  skin  wounds,  indicates  that  there  are 
usually  recognizable  differences. 

3.  Molluscoid  carcinomas  of  the  mammary  gland,  to  adopt 
Borrel's  designation  of  these  striking  growths  with  long,  radia- 
ting cylinders  of  stratified  epithelium  with  a  large  central  core  of 
keratinized  material  (fig.  11).  These  seem  to  grow  out  from  the 
tubules  near  the  nipple,  as  if  they  arose  from  the  stratified 
portion  of  those  ducts.  They  produce  ulceration  of  the  surface 
about  the  nipple,  which  greatly  enhances  their  resemblance  to 
the  skin  carcinomas. 

We  have  little  to  add  to  the  statements  of  Borrel,  Murray, 
Tj^zzer,  and  Haaland  concerning  these  squamous  cell  growths 
arising  within  or  about  the  mammary  gland,  and  the  excellent 
illustrations  accompanying  Haaland 's  article  make  any  further 
illustrations  by  us  unnecessary.  A  few  points  may  be  worth 
recording.  Forty-three  of  the  56  squamous-celled  mammary 
gland  tumors  may  be  best  designated  as  of  the  adenocancroid 
type,  in  that  they  show  a  greater  or  less  proportion  of  cylindrical 
cell  structure.  Several  of  these  were  multiple,  as  is  often  the 
case  with  primary  carcinoma  of  the  mammary  gland.  In  three 
there  were  two  adenocancroids,  one  mouse  had  three,  and  one 
had  five,  four  arising  distinctly  in  mammary  gland  tissue  while 
the  fifth  arose  anterior  to  the  urethra  and  seemed  to  have  origi- 
nated in  the  skin,  and  this  showed  no  glandular  elements.  Four- 
teen mice  had  an  adenocancroid  and  also  one  or  more  other 
independent  mammary  gland  carcinomas  that  showed  no  keratin- 
ization.  Of  these,  one  (9365)  exhibited  also  a  typical  squamous 
cell  carcinoma  metastasis  in  the  lung;  one  mouse  with  three 
primary  adenocancroids  (5738)  showed  a  lung  metastasis  while 
three  mice  that  had  each  two  mammary  gland  tumors,  one  of 
each  type,  had  pulmonary  metastasis  of  the  cylindrical  cell  type. 
That  is,  from  43  cases  of  adenocancroid  of  the  mammary  gland, 
but  one  metastatic  nodule  of  adenocancroid  has  been  seen  in 
the  lungs,  and  none  in  the  lymph  nodes  or  elsewhere.  Not  a 
few  of  these  mice  had  also  co-existing  tumors  other  than  those  of 
the  mammary  gland,  namely,  one  with  a  squamous  cell  carci- 
noma of  the  muzzle  (9962),  one  with  a  malignant  ovarian  tumor 


SQUAMOUS   CELL   CARCINOMAS   IN   MICE  77 

(6801),  two  with  uterine  fibroids  (14370  and  14811);  one  with  a 
lung  adenoma  (12098) ;  one  with  an  adenoma  of  the  hver  and  an 
adenoma  of  the  lung  (9544) ;  one  with  an  adenoma  in  the  lung 
and  a  strange  growth  in  a  subcutaneous  lymph  node  that  might 
be  interpreted  as  an  endothelioma  (15622)  and  one  had  an  intra- 
pelvic  sarcoma  with  metastasis  into  the  liver  and  also  into  an 
ovary  which  contained  in  addition  a  small  adenoma  (10006). 

Two  of  the  adenocancroids  were  examples  of  the  not  uncommon 
mixture  of  sarcoma  and  carcinoma  in  the  mammary  gland  of  the 
mouse  (15412  and  6182). 

Only  four  of  our  tumors  were  typical  of  the  molluscoid  cancers, 
although  more  or  less  of  this  character  was  shown  by  several  of 
the  growths  diagnosed  as  adenocancroids.  One  of  these  four 
mice  had  also  an  adenoma  of  the  ovary  (496)  and  another  had  a 
benign  lung  adenoma  (5581).  None  of  these  four  keratinizing 
tumors  produced  metastases. 

Nine  squamous  cell  carcinomas  that  exhibited  no  glandular 
structure  to  identify  them  as  mammary  gland  tumors,  were 
believed  to  have  this  origin  because  they  arose  beneath  the  skin, 
and  in  most  instances  did  not  ulcerate  through  at  any  time. 
These  growths,  however,  seem  to  be  of  a  more  malignant  character 
than  the  adenocancroids;  three  of  them  produced  squamous 
cell  metastases.  No.  10936,  which  is  remarkable  in  being  the 
only  male  with  a  subcutaneous  stratified  epithelial  growth  that 
seemed  to  arise  in  the  mammary  gland,  exhibited  squamous 
cell  metastatic  growths  in  the  lung,  in  the  mediastinum,  and  in  the 
chest  wall.  Another  (7950),  with  three  subcutaneous,  non- 
glandular  squamous  cell  carcinomas,  showed  a  metastatic  nodule 
in  one  lymph  node  and  direct  infiltration  of  a  second.  No. 
13671  with  a  subcutaneous  squamous  cell  carcinoma  and  also  a 
cylindrical  cell  mammary  gland  carcinoma,  had  three  large 
metastatic  nodules  in  the  lungs  all  of  squamous  cell  structure. 
As  to  multipUcity  of  tumors  in  this  group  there  were  three 
independent  subcutaneous  squamous  cell  tumors  in  each  of  two 
mice  (2239  and  7905) ,  two  had  a  simple  cylindrical  cell  carcinoma 
of  the  mammary  gland  in  addition  to  the  squamous  cell  growth 
(7526  and  13671),  while  one  had  adenomas  of  the  liver  and  ovary 
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(14047)  and  one  mouse  had  leukemia  (8236).  In  this  group 
we  have  included  one  squamous  cell  tumor  (24858)  that  differs 
from  the  rest  in  having  the  non-keratinized  tumor  elements 
suggest  strongly  the  appearance  of  a  basal  skin  carcinoma, 
although  the  growth  seemed  to  arise  in  the  mammary  gland. 

SQUAMOUS   CELL  CARCINOMA   OF   STOMACH   AND   RECTUM 

In  a  previous  paper  on  primary  carcinoma  of  the  stomach 
in  mice  (27)  we  collected  records  of  four  reported  cases  of  squa- 
mous cell  carcinoma  arising  in  the  cardiac  portion  of  the  stomach 
to  which  we  added  three  observed  in  this  laboratory.  Since 
that  publication  we  have  observed  one  more  case  (24367).  This 
was  an  old  female  mouse  that  for  some  time  before  death  had 
been  isolated  because  suffering  from  tape  worm  infection.  The 
stomach  wall  in  the  cardiac  portion  was  much  thickened  and 
small  white  nodules  were  scattered  over  the  outer  surface.  No 
metastases  could  be  found.  In  the  liver  was  an  encysted  cestode, 
and  there  was  a  prolapsed  rectum  showing  much  thickening  of 
the  wall.  Microscopically  the  nodules  in  the  stomach  are  of 
squamous  cell  carcinoma,  apparently  still  quite  early  but  of 
typical  structure.  One  small  nodule  of  similar  structure  is  found 
in  the  omentum.  The  rectum  shows  a  marked  overgrowth  of 
squamous  epithelial  plugs  on  the  outer,  ulcerated  surface  of  the 
bowel,  and  with  many  of  these  an  infiltrative  character  is  sug- 
gested, but  apparently  this  lesion  cannot  be  diagnosed  as 
carcinoma. 

Another  new  case  of  carcinoma  of  the  stomach  (25911)  is  more 
difficult  to  classify.  A  female  Peromyscus  mouse,  nearly  four 
and  a  half  years  old,  which  had  been  isolated  all  her  life  and 
never  bred,  refused  food  for  several  days  before  death.  At 
autopsy  there  was  found  a  marked  thickening  of  the  entire 
stomach  wall,  particularly  at  the  cardiac  end  where  it  seemed 
nearly  sohd  from  wall  to  wall.  A  thick  white  nodular  outgrowth 
6  by  4  by  4  mm.  of  similar  tissue  bound  together  the  stomach, 
liver,  and  esophagus,  while  another  nodule  8  by  4  by  4  mm. 
bound  together  the  pancreas  and  intestinal  mesentery  posterior 
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to  the  stomach.  No  other  metastases  were  found.  Microscop- 
ically this  growth  is  composed  of  groups  of  strands  of  infiltrating 
epithehal  cells,  which  are  not  hornified,  neither  do  they  form 
tubules.  They  grow  profusely  throughout  all  coats  of  the 
stomach,  sometimes  forming  sheaths  about  the  tubules  of  the 
cardiac  portion.  The  nodules  outside  the  stomach  are  secondary 
growths  of  identically  the  same  structure  in  lymph  nodes.  It 
is  not  possible  to  be  sure  whether  this  carcinoma  is  derived  from 
the  columnar  or  the  stratified  epithelial  portions  of  the  stomach. 
While  the  gross  appearances  suggested  an  origin  in  the  cardia, 
which  is  the  site  of  all  but  one  of  the  recorded  cases  of  gastric 
carcinoma  in  mice,  yet  all  of  these  were  frankly  hornifying 
squamous  cell  carcinomas. 

The  full  details  of  the  three  other  cases  of  squamous  cell 
carcinoma  occurring  in  this  series  are  published  with  illustrations 
in  our  previous  communication  (27)  and  need  not  be  repeated 
here.     To  recapitulate  them  briefly  they  were  as  f ollow^s : 

No.  5802,  male  two  years  old.  Squamous  cell  carcinoma  of 
pyloric  portion  of  the  stomach,  measuring  15  by  15  by  12  mm. 
A  secondary  growth  11  by  12  mm.  in  the  mesentery.  No  other 
metastases.     Some  infiltration  of  the  pancreas. 

No.  7851.  Male,  twenty-five  months  old.  Cardiac  portion 
of  the  stomach  is  ulcerated  and  thickened,  forming  a  mass  16 
by  12  by  8  mm.  No  metastasis.  Structure,  typical  squamous 
carcinoma,  infiltrating  all  coats  of  the  stomach,  and  invading 
the  adhesions  between  the  stomach  and  liver. 

No.  16440.  Female,  aged  twenty-seven  months.  At  the 
junction  of  the  cardiac  and  pyloric  portions  a  thickened  mass 
from  3  to  15  mm.  wide  surrounds  the  stomach.  Nodules  were 
found  in  the  omentum  and  mesentery,  metastases  in  lymph 
nodes.  Structure,  typical  squamous  cell  carcinoma  with  some 
homification. 

In  the  same  paper  was  published  with  illustrations  the  report 
of  a  case  of  squamous  cell  carcinoma  arising  in  the  metaplastic 
epithelium  covering  a  prolapsed  rectum  (8345).  This  was  a  male 
mouse,  which  had  had  a  prolapsed  rectum  for  six  months  before 
its  death.     The  growth  was  not  extensive  but  seemed  to  be 
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typically  squamous  cell  carcinoma  arising  in  metaplastic  epi- 
thelium.   Since  then  we  have  observed  a  second  similar  case. 

No.  20052.  Female,  had  a  prolapsed  rectum  for  four  months 
before  death,  which  was  from  hypertrophy  of  the  heart  and 
pulmonary  edema.  The  surface  of  the  prolapse  became  much 
ulcerated  and  after  a  time  showed  what  seemed  to  be  a  prolif- 
eration of  epithelium.  The  regional  lymph  nodes  were  some- 
what enlarged.  Microscopically  the  external  surface  of  the 
prolapsed  bowel  shows,  in  addition  to  considerable  ulceration, 
areas  of  definite  squamous  cell  carcinoma,  with  strands  of  cancer 
cells  infiltrating  through  a  thick  layer  of  granulation  tissue 
down  to  but  not  into  the  muscularis.  Apparently  this  has 
arisen  from  what  was  part  of  the  cutaneous  surface  of  the  anus, 
and  not  from  metaplastic  mucosa  as  in  the  previous  case.  As 
a  possible  factor  in  the  inciting  irritation,  a  small  piece  of  wood 
was  found  imbedded  in  the  bowel  wall,  surrounded  by  granula- 
tion tissue  and  cancer  cells. 

CARCINOMA  OF  THE  VULVA  AND  VAGINA 

No  cases  of  squamous  cell  carcinoma  of  the  uterus  have  as 
yet  been  described  in  mice,  so  far  as  we  can  learn.  Although 
we  have  found  a  few  fibromyomas  and  sarcomas  of  the  uterus, 
we  have  met  with  but  one  epithelial  neoplasm,  which  was  an 
adenocarcinoma. 

Erdheim  (23)  and  Haaland  (20)  each  have  described  a  recurrent 
verrucous  growth  of  the  vulva,  and  the  latter  a  mixed  squamous 
and  sebaceous  cell  carcinoma  of  the  vulva.  Two  cases  of 
squamous  carcinoma  of  the  vulva  have  been  observed  in  this 
series  and  are  included  among  the  70  squamous  cell  skin  carci- 
nomas. (1)  No.  7950.  This  occurred  as  a  condylomatous 
growth  arising  distinctly  in  the  vulva  of  an  old  mouse,  infiltra- 
ting the  subcutaneous  tissues,  and  was  an  unquestionably 
malignant  squamous  cell  growth  microscopically.  There  was  in 
addition  metastatic  growth  in  two  lymph  nodes  in  the  groin. 
(2)  No.  18928.  A  growth  of  a  warty  character  and  ulcerating 
slightly  developed  on  the  vulva  some  time  before  the  death 
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of  the  mouse,  spreading  about  the  rectum  before  death.  At 
autopsy  there  was  found  in  addition  an  enlarged  lymph  node 
attached  to  the  right  ureter.  Microscopically  the  external 
growth  is  a  typical  squamous  cell  carcinoma  with  much  homi- 
fication,  and  not  very  marked  tendency  to  infiltration.  The 
nodule  attached  to  the  ureter  was  a  lymph  node  containing  a 
cyst  lined  with  squamous  epithelium,  or,  to  describe  it  better, 
an  epitheUal  cyst  covered  with  a  thin  layer  of  lymphoid  tissue. 
The  epithehal  wall  of  the  cyst  is  thin,  shows  no  evidence  of  infil- 
trative or  other  malignant  character,  and  hence  does  not  at  all 
resemble  a  metastatic  growth,  but  it  is  difficult  to  explain  the 
presence  of  such  a  structure  in  this  location  on  any  other  basis. 

In  addition  to  these  two  carcinomas  we  have  observed  an 
excellent  case  of  carcinoma  of  the  vagina. 

Carcinoma  of  vagina  (no.  22582).  This  mouse  was  found, 
nearly  a  month  before  its  death,  with  a  3  mm.  pink  nodule 
protruding  from  the  vagina.  At  the  time  of  its  death  from 
pneumonia  it  presented  an  ulcerating  mass  15  by  12  by  10  mm., 
about  one-half  of  which  protruded  from  the  vulva.  It  seemed 
to  arise  from  the  vaginal  wall,  the  uterus  and  bladder  not  being 
involved,  but  it  ulcerated  into  the  rectum  and  was  much  infected 
and  ulcerated.  No  enlarged  glands  or  other  evidences  of  metas- 
tasis could  be  found.  Microscopically  the  growth  is  composed 
mostly  of  loose  masses  of  keratinized  scales  exfohated  from  the 
underlying  growth,  which  infiltrates  the  vaginal  wall  as  a  typical 
squamous  cell  carcinoma. 

KERATINIZING   TUMORS   OF   THE   LUNG 

As  mentioned  in  our  review  of  the  literature,  Haaland  has 
described  one  case  of  primary  keratinizing  growth  in  the  lung, 
and  Tyzzer  says  that  he  has  had  ^'several  cases. "  The  influence 
of  heredity  on  the  incidence  of  tumors  of  special  types  is  suggested 
by  the  fact  that  of  several  hundred  cases  of  primary  lung  tumors 
in  the  Slye  stock,  but  one  has  been  definitely  found  to  show 
keratinization. 

No.  13314.  A  male,  age  twenty  months,  which  showed  no 
other  autopsy  findings  of  interest,  had  the  lower  lobe  of  the  left 
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lung  nearly  replaced  by  a  yellowish  mass,  which  was  distinguished 
from  the  ordinary  papillary  adenoma  of  the  lung  chiefly  by  its 
color.  This  made  it  resemble  an  abscess,  but  it  was  much  too 
hard  to  be  an  abscess,  and  there  was  no  pleural  exudate  or 
adhesion.  Microscopically  the  tumor  consists  chiefly  of  a  mass 
of  homified  scales  heaped  up  in  waving,  concentric  layers. 
Only  at  the  very  periphery  are  living  cells  found.  Here  is  a 
narrow  growing  border  of  stratified  epithelial  cells,  differing  in 
no  essentials  from  that  seen  in  epitheliomas  of  the  skin.  There 
is  no  marked  tendency  to  infiltration,  the  growth  apparently 
progressing  by  expansion,  but  the  presence  of  occasional  mitotic 
figures  is  noted.  About  the  growth  there  is  much  round  and 
spindle  cell  proliferation  and  numerous  foreign  body  giant  cells 
are  found.  Our  specimen  differs  from  the  one  illustrated  by 
Tyzzer  in  having  a  smaller  proportion  of  living  cells.  We  are 
not  certain  whether  this  growth  represents  a  true  neoplasm  or  a 
progressive  metaplasia  due  to  some  persisting  chronic  inflam- 
matory condition,  but  the  former  seems  more  probable. 

Two  other  mice  have  shown  somewhat  related  pulmonary 
conditions. 

No.  10561.  This  mouse,  which  had  also  a  carcinoma  of  the 
skin,  had  a  benign  adenomatous  growth  in  the  lung  which  showed 
some  tendency  to  stratification,  but  without  keratinization. 

No.  25136.  A  male  mouse  had  in  the  right  upper  lobe  of  the 
lung  a  mass  14  by  12  by  10  mm.  resembling  in  appearance  a 
malignant  tumor  of  the  lung.  Microscopically  this  tissue 
resembles  much  more  closely  an  unresolved  organizing  and 
necrotizing  pneumonia,  in  which  are  two  irregular,  independent 
areas  composed  of  masses  of  keratinized  scales,  with  a  slender 
border  of  flattened  epithelial  cells.  It  is  quite  impossible  to 
decide  whether  this  is  a  true  tumor,  or  whether  it  is  the  cause  or 
the  result  of  the  pneumonic  condition,  although  the  epithelial 
growth  has  the  appearance  of  being  much  older  than  the  pneu- 
monic process. 
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TUMORS    OF    THE    MEIBOMIAN    GLAND 

Two  mice  have  presented  growths  arising  in  the  eA^ehds, 
which,  according  to  their  structure,  seem  to  be  adenomas  arising 
in  the  Meibomian  glands. 

No.  18099.  A  small,  slowly  growing  mass  developed  beneath 
the  left  eye  of  a  female  mouse;  from  the  eye  exuded  a  small 
amount  of  thick  white  exudate.  The  growth  had  reached  a 
diameter  of  10  mm.  when  the  mouse  died  from  an  acute  lung 
infection,  and  showed  no  evidence  of  infiltration  or  ulceration. 
Microscopically  the  growth  is  composed  of  papillar}^  structures 
covered  with  many  layers  of  epithelial  cells.  It  differs  from  the 
normal  Meibomian  gland  in  the  exaggeration  and  lawless  arrange- 
ment of  the  structures,  and  the  greatly  increased  number  of 
epithelial  cells  covering  the  stroma.  The  diagnosis  of  benign 
adenoma  of  the  Meibomian  gland  seems  justified,  especially  in 
view  of  the  size  of  the  growth  and  the  findings  in  the  next  case. 

No.  27929.  An  old  female  mouse,  which  died  of  chronic 
nephritis,  had  a  soft  mass,  6  mm.  in  diameter,  beneath  the  left 
eye.  The  gross  appearance  suggested  an  epithelioma.  Micro- 
scopically this  tumor  is  quite  the  same  as  the  one  described 
immediately  above,  except  for  the  important  fact  that  it  infil- 
trates down  to  the  bone  of  the  orbit,  thus  indicating  that  it  is  a 
malignant  infiltrating  adenocarcinoma. 

SEBACEOUS    GLAND   ADENOCARCINOMA 

Such  tumors  have  been  described  in  mice  by  Murray-,  Tyzzer, 
and  Haaland,  the  last  two  having  trans])lanted  them  success- 
fully. We  have  found  one  case  of  sebaceous  adenocarcinoma  of 
the  preputial  gland,  which  closely  resembles  the  growth  deseril)ed 
and  illustrated  by  Haaland  (20). 

No.  19895.  Jieginning  at  the  base  of  \\\v  ])enis  is  a  mass  .'^0 
by  25  by  25  mm.  extending  well  into  the  inguinal  rc^gion.  The 
penis  was  completely  imbedded  in  tli(^  tumor,  the  older  ])()rtions 
of  which  were  softened,  but  about  \hv  })(M'iphery  were  hard 
nodules  of  newer  growth.     TIh^  testiclc^s  and   (»j)idi(lymis  were 
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not  involved.  Death  resulted  from  chronic  nephritis.  There 
were  no  metastases.  Microscopically  this  tumor  (fig.  12)  repro- 
duces closely  the  normal  structure  of  the  preputial  gland,  but 
not  infrequent  infiltration  of  the  stroma  by  strands  of  epithelial 
cells  corroborates  the  gross  evidences  of  malignancy.  It  corre- 
sponds perfectly  to  the  illustration  given  by  Haaland,  who  also 


Fig.  12.  Sebaceous  Adeno-carcinoma  of  Preputial  Gland 

This  was  a  large  tumor  with  distinctly  malignant  characteristics,  infiltrating 
the  adjacent  tissues,  despite  its  close  resemblance  to  the  normal  structure  of 
the  gland  from  which  it  arose.     No.  10895.     X  60. 

comments  on  the  close  resemblance  to  the  normal  gland  in  spite 
of  the  definitely  malignant  character. 


SUMMARY 


Among  28,000  mice  dying  natural  deaths  at  all  ages,  and 
carefully  autopsied,  have  been  observed  153  growths  of  strati- 
fied and    squamous  epithelium  that  correspond  by  the  usual 


SQUAMOUS   CELL   CARCINOMAS   IN   MICE  85 

standards  to  true  neoplasms,  excluding  a  considerable  number 
of  epithelial  growths  which  lack  positive  conclusive  evidence  of 
neoplastic  character,  although  possibly  some  of  these  are  also 
early  carcinomas.  Seventy-one  are  examples  of  squamous  cell 
carcinoma  of  the  skin  or  mouth.  They  differ  from  the  human 
skin  carcinoma  chiefly  in  a  low  incidence  of  metastasis.  Fifteen 
others  are  of  basal  cell  character,  arose  always  about  the  head, 
and  produced  no  metastases.  In  both  these  groups  the  incidence 
is  higher  in  the  females  than  in  the  males.  Trauma  and  chronic 
irritation  seem  to  play  an  important  part  in  the  production  of 
skin  carcinoma  in  mice,  most  of  our  cases  occurring  about  the 
head  and  face,  often  recognizably  at  the  site  of  wounds,  and 
nearly  all  the  skin  carcinomas  of  the  trunk  arose  in  old  scars. 
Skin  cancers  occur  at  a  greater  average  age  than  other  tumors 
in  mice. 

Fifty-six  examples  of  squamous  cell  keratinizing  growths 
arising  in  the  mammary  gland  were  observed,  predominatingly 
adenocarcinomas  with  localized  areas  of  keratinization.  These 
also  seldom  produce  squamous  cell  metastases. 

Other  tumors  in  this  group  were:  Four  squamous  cell  carci- 
nomas of  the  stomach,  two  arising  in  the  prolapsed  rectum,  two 
in  the  vulva,  one  keratinizing  tumor  of  the  lung,  one  sebaceous 
adenocarcinoma  of  the  preputial  gland,  and,  as  hitherto  unde- 
scribed  mouse  tumors,  one  squamous  carcinoma  of  the  vagina 
and  two  adenomas  of  the  Meibomian  glands,  one  of  these  being 
infiltrative  and  apparently  malignant. 

The  literature  of  the  comparative  pathology  of  squamous 
cell  carcinoma  in  animals  is  reviewed,  and  it  is  worthy  of  comment 
that  as  yet  no  cases  of  squamous  cell  carcinoma  of  the  uterus, 
bladder,  or  esophagus  seem  to  have  been  described  in  mice. 
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Tumor  metastases  in  this  stock  are  somewhat  rare.  In  29,000 
necropsies,  furnishing  something  over  4000  primary  spontaneous 
timaors,  mostly  mahgnant,  only  about  19  per  cent  of  the  tumors 
have  metastasized.  It  has  been  the  general  opinion  of  patholo- 
gists that  the  formation  of  metastases  is  a  distinguishing  property 
of  mahgnant  tumors.  The  infiltration  of  tumor  cells  into 
tissues  adjacent  to  the  neoplasm,  and  the  entrance  of  these  cells 
into  the  lymph  and  the  blood  streams  are  the  usual  mechanical 
bases  for  secondary  growths.  But  all  these  conditions  exist  in 
innumerable  instances,  both  in  human  and  in  animal  tumors, 
without  the  occurrence  of  secondary  growths.  For  example, 
females  7821  and  9260  of  this  stock  (see  chart  11,  strain  508, 
p.  158)  each  had  a  large  and  highly  malignant  infiltrative  mam- 
mary gland  carcinoma  of  relatively  long  standing.  In  both 
instances  there  were  multiple  tumor  emboli  in  the  lungs,  but  no 
secondary  growths  arose  from  these  emboU, — i.e.,  the  mechanical 
basis  was  there  in  each  case,  the  occurrence  of  tumor  did  not 
follow. 

*  Presented  before  the  American  Association  for  Cancer  Research,  Ck'veland, 
Ohio,  March  24, 1921. 
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Ewing  (1),  in  his  chapter  on  metastasis,  speaks  of  "a  peculiar 
susceptibility  of  some  tissues  to  develop  secondary  tumors," 
but  later  states  that  **the  mechanism  of  circulation  will  doubt- 
less explain  most  of  these  peculiarities,  for  as  yet  there  is  no 
evidence  that  any  one  parenchymatous  organ  is  more  adapted 
than  others  to  the  growth  of  embolic  tumor  cells/'  There 
would  seem,  then,  to  be  some  factor,  other  than  the  mechanical 
one,  which  determines  the  incidence  and  location  of  metastasis, 
even  though  it  be  minimized,  as  Ewing  has  done  in  the  para- 
graph cited. 

Again,  Ewing  states  that  in  highly  vascular  tissues  like  the 
lip,  stomach,  and  testicle,  very  small  carcinoma  may  yield 
distant  metastases.  But  these  very  organs  are  among  those 
whose  tumors  rarely  metastasize  in  this  stock.  For  example, 
among  the  lip  carcinomas  in  this  stock  none  has  metastasized; 
among  the  testicle  tumors  (2),  one  metastasized  locally,  while 
five  out  of  six  stomach  carcinomas  (3),  (4),  showed  metastases 
in  regional  lymph-nodes  only,  but  no  vascular  metastases  in  the 
liver  or  elsewhere.  And  this  in  spite  of  the  close  resemblance 
of  these  tumors  to  human  tumors  of  similar  type  in  similar 
organs. 

In  this  stock,  mammary  gland  carcinoma  and  sarcoma  rarely 
metastasize  into  regional  lymph-nodes,  in  marked  contrast  to 
human  breast  tumors  of  the  same  type.  Indeed,  in  this  stock, 
mammary  gland  tmnors  can  be  seen  growing  up  to  the  lymph- 
node  but  not  invading  it,  even  by  extension.  On  the  other 
hand,  pulmonary  metastases  from  mammary  gland  carcinoma  and 
sarcoma  are  common  in  this  stock,  again  in  contradistinction  to 
the  reported  behavior  of  human  breast  tumors  of  the  same  types. 

These  divergencies  (which  are  typical  of  the  many  divergen- 
cies) in  the  metastasis  behavior  of  tmnors  of  similar  types  and 
in  similar  organs,  require  some  explanation  other  than  merely 
the  mechanical  tendency  of  certain  types  of  timaors  to  metas- 
tasize in  certain  locations,  and  that  there  is  some  other  factor  is 
generally  recognized  by  pathologists,  although  little  progress 
has  as  yet  be«en  made  in  demonstrating  what  this  factor  is. 
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The  matter  of  tumor  metastasis  in  this  laboratory  has  been 
imder  observation  for  twelve  years,  and  the  data  here  given 
are  based  on  over  29,000  necropsies,  among  which  every  instance 
of  metastasis  is  known.  The  charts  used  to  demonstrate  the 
points  made  in  thi^  report  are  perfectly  typical.  The  non-tumor 
fraternities  (where  there  are  any)  have  been  omitted,  in  order  to 
save  space  and  to  show  exactly  where  these  tumors  occurred. 

It  must  be  borne  in  mind  in  reading  these  charts,  that,  as  I 
have  previously  stated,  tumor  metastases  in  this  stock  are 
rather  rare,  being  only  about  19  per  cent  of  the  primary  malig- 
nant tumors.  A  given  chart  then,  which  shows  many  primary 
tumors,  must  not  be  expected  to  show  large  numbers  of  secondary 
tumors.  For  example,  a  chart  showing  8  primary  tumors, 
would,  if  this  general  average  of  19  per  cent  were  carried  out, 
show  only  1.5  cases  of  metastasis,  etc.  The  biological  evidence 
from  this  laboratory,  which  explains  this  low  percentage  of 
metastasis  from  mahgnant  tumors,  will  be  given  further  on  in 
this  report. 

From  this  study  three  points  stand  out  with  striking  clearness: 

POINT    I 

In  any  given  strain  the  metastatic  tumors  (where  there  are  any) 
tend  to  occur  in  exactly  the  same  organs  in  which  the  primary  tumors 
of  that  strain  occur. 

Note  chart  1,  showing  part  of  strain  215  and  some  of  its  deriva- 
tives. The  parent  female,  no.  3,  had  a  sarcoma-carcinoma  of 
the  mammary  gland,  a  mahgnant  adenoma  of  the  liver,  and  a 
metastatic  sarcoma  of  the  kidney.  The  parent  male,  no.  360, 
came  from  a  strain  carrying  lung  and  mediastinal  tumors,  and 
he  himself  was  proved  heterozygous  to  tumors  in  these  locations 
(i.e.,  he  carried  them  potentially  and  introduced  them  in  every 
strain  into  which  he  was  crossed,  although  he  did  not  himself 
show  these  tumors). 

Note  here  how  these  particular  types  and  locations  of  tumors 
have  '' segregated  out"  and  certain  of  them  have  been  trans- 
mitted to  the  branches  of  the  strain  here  shown,  both  as  primary 
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and  as  secondary  neoplasms.  In  the  first  hybrid  generation, 
male  1192  had  a  primary  carcinoma  of  the  lung  and  a  secondary 
carcinoma  of  the  lung.  Female  5  had  a  prunary  carcinoma  of 
the  mammary  gland,  with  multiple  secondaries  in  the  lung. 
Note  how  the  different  types  and  locations  of  tumors  have 
'^ segregated  out/'  so  that  in  branch  A  lung  tumors  alone  have 
been  transmitted,  and  a  100  per  cent  lung  tumor  strain  is  being 
extracted.  In  branch  B  liver  tumors  have  predominantly 
been  transmitted,  from  female  630  with  a  secondary  tumor  in 
the  liver,  so  that  in  one  part  of  the  branch  a  50  per  cent  Uver 
tumor  strain  is  being  extracted. 

In  these  two  branches  of  the  strain,  then,  female  3  introduced : 
a.  Primary  carcinoma  of  the  mammary  gland,  in  females  5, 
2239,  and  630. 

h.  Primary  adenoma  of  the  liver,  in  females  1681,  8871, 
11237,  and  12207,  and  in  male  2327.  (Note  the  three  consecu- 
tive generations  of  adenoma  of  the  liver.) 

c.  Secondary  carcinoma  of  the  liver,  in  female  630. 

d.  One  case  of  sarcoma,  in  female  5543. 
Parent  male  360  introduced: 

a.  Primary  carcinoma  and  adenoma  of  the  lung,  in  males 
1192,  and  900,  and  in  females  326,  816,  823,  3191,  2548,  and  6688. 

6.  Secondary  carcinoma  of  the  lung,  in  male  1192  and  in 
females  5  and  630. 

c.  Primary  tumor  of  the  mediastinum,  in  female  5543. 

d.  Secondary  tumor  of  the  mediastinum,  in  female  326. 

Note  how  female  5543,  with  a  lymphosarcoma  of  the  medias- 
tinum, derived  the  type  of  her  tmnor  from  her  maternal  ancestor 
(female  3)  and  the  location  of  her  tumor  from  the  paternal 
ancestor,  male  360  (who  carried  these  tumors  potentially,  and 
transmitted  them  in  every  strain  into  which  he  was  crossed, 
although  he  himself  did  not  develop  them),  just  as  in  the  human 
species,  a  child  might  inherit  curly  red  hair  from  a  mother  with 
curly  black  hair,  and  a  father  with  straight  red  hair. 

Note  how  female  5  derived  her  primary  tumor  from  the 
maternal  ancestor,  and  her  secondary  tumor  from  the  paternal 
ancestor,  and  how  female  630  derived  her  primary  tumor  from 
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the  parent  female,  the  secondary  in  the  lungs  from  the  parent 
male,  and  the  secondary  tumor  of  the  liver  from  the  parent 
female — a  marked  demonstration  of  the  "segregating  ouf  of 
these  things,  which  is  the  heredity  test.  Note  how,  after  the 
second  hybrid  generation,  no  further  mammary  gland  timiors 
occurred  in  either  of  these  two  branches. 

Note  that  there  occur  no  timiors,  either  primary  or  secondary, 
which  were  not  introduced  by  the  parents.  Note  that  the 
secondary  tumors  occur  in  the  same  organs  as  the  primary 
tmnors. 

Chart  2  shows  parts  of  strains  48  and  292.  These  are  two 
strains  derived  from  the  same  original  mating  as  was  strain 
215,  that  is,  female  3  (with  a  sarcoma-carcinoma  of  the  mam- 
mary gland,  a  malignant  adenoma  of  the  liver,  and  a  metastatic 
sarcoma  of  the  kidney),  and  male  360  who  introduced  carci- 
noma of  the  lung  and  the  mediastinimi.  Here  again  the  particu- 
lar types  and  locations  of  tumors  introduced  by  the  parents 
have  "segregated  out^'  and  been  transmitted  to  the  resulting 
strains,  both  as  primary  and  as  secondary  neoplasms. 

In  the  first  hybrid  generation  female  5  derived  from  the 
mother  a  carcinoma  of  the  mammary  gland,  and  from  the 
father  a  secondary  carcinoma  of  the  lung.  In  the  second  hybrid 
generation,  female  37  derived  from  the  parent  male  a  carcinoma 
of  the  lung,  with  a  secondary  carcinoma  in  the  mediastinimi. 

In  the  third  and  fourth  hybrid  generations,  note  the  out- 
cropping of  sarcoma,  both  primary  and  secondary,  in  females 
1454,  26,  348  and  396.  Liver  tmnors  derived  from  female  3, 
also  occur  in  these  strains,  as  shown  in  females  5743,  and  26,  and 
in  male  11836.  There  is  also  a  "  pre-cancerous "  liver  in  female 
399.  Here  also  lung  tumors,  derived  from  male  360,  occur 
primary  in  females  37  and  399  and  in  male  11836;  and  secondary 
in  females  5,  5743,  and  396. 

Note  the  occurrence  of  secondary  carcinoma  of  the  mediasti- 
num in  female  37,  of  secondary  sarcoma  of  the  mediastinum  in 
female  396;  of  secondary  carcinoma  of  the  lung  in  female  5,  and 
of  secondary  sarcoma  of  the  lung  in  females  5743  and  396.  Note 
the  three  cases  of  secondary  sarcoma  in  the  spleen  in  females 
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5743,  348,  and  396.  Rarely  in  this  stock,  except  in  strains 
derived  from  female  3,  have  there  been  any  tumors  of  the  spleen 
either  primary  or  secondary.    ^ 

Here  again,  after  the  first  hybrid  generation,  mammary  gland 
tumors  disappear — another  indication  of  how  these  things 
'* segregate  out."  The  manmiary  gland  tumors  preponderated 
in  other  strains  derived  from  the  same  original  mating.  The 
dominating  tiunors,  both  primary  and  secondary,  in  these 
strains  are  in  the  Uver,  kidney,  spleen,  mesentery,  limgs,  and 
mediastinum. 

In  these  strains,  then,  female  3  introduced: 

o.  Primary  carcinoma  of  the  mammary  gland,  in  female  5. 

b.  Primary  adenoma  of  the  liver,  in  female  399  and  in  male 
11836. 

c.  Primary  sarcoma  of  the  liver,  in  females  5743  and  26. 

d.  Primary  sarcoma  of  the  kidneys,  in  females  26,  348,  and  396. 

e.  Secondary  sarcoma  of  the  kidneys,  in  female  1454. 

/.  Secondary  sarcoma  of  the  spleen,  in  females  5743,  348,  and 
396. 

g.  Primary  sarcoma  of  the  mesentery,  in  female  1454. 

h.  Secondary  sarcoma  of  the  mesentery,  in  females  1454, 
5743,  and  26. 

Parent  male  360  introduced : 

a.  Primary  lung  tumors,  malignant  and  not  yet  malignant, 
in  females  37  and  399,  and  in  male  11836. 

b.  Secondary  lung  tumors,  in  females  5743  and  396. 

c.  Secondary  carcinoma  of  the  mediastinum,  in  female  37. 

d.  Secondary  sarcoma  of  the  mediastinum,  in  female  396. 
Note  here  again,  how,  though  they  are  much  fewer,  the  second- 
ary timiors  arise  in  the  same  organs  as  do  the  primary. 

Chart  3  shows  a  part  of  strain  65,  branch  2.  The  parent 
female,  5738,  had  three  carcinomas  of  the  mammary  gland 
and  metastatic  tumors  in  the  lungs.  She  was  mated  with  her 
brother,  male  782,  who  died  of  uncertain  causes,  but  who  was 
proved  heterozygous  to  timiors  of  the  mammary  gland  (he 
carried  them  potentially  and  transmitted  them,  but  did  not 
himself  develop  them).     Note  here  that  with  one   exception 
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(female  9888  who  had  a  lymphosarcoma  of  the  thymus)  the 
only  timiors  which  occurred  were  carcinoma  of  the  mammary 
gland  and  lung  tumors,  primary  and  secondary. 

Note  the  five  consecutive  generations  of  carcinoma  of  the 
mammary  gland  in  branch  B,  all  but  females  5753  and  9903 
showing  lung  metastases.  Note  the  heavy  percentage  of  lung 
tumors  primary  and  secondary  in  both  branches  of  the  strain. 
Note  the  negative  evidence  of  the  *' segregating  out"  of  the 
different  types  and  locations  of  timiors,  both  primary  and 
secondary,  in  the  complete  absence  from  this  strain  of  all  timiors 
of  the  liver,  kidney,  mesentery,  spleen,  pancreas,  uterus,  etc. 

Chart  4  shows  a  part  of  strain  338,  branch  V,  A,  with  partial 
ancestry.  The  parent  female  3920  had  an  adenoma  of  the  Uver. 
Note  the  predominance  of  primary  liver  adenoma  in  this  strain, 
7  cases  (over  43  per  cent)  and  the  occurrence  of  two  cases  of 
secondary  liver  tmnor  in  the  same  strain,  that  is,  female  8865 
with  an  osteoid  sarcoma  of  the  mammary  gland,  secondary  in  the 
liver,  and  her  grandson,  male  16370  with  an  osteosarcoma  of  the 
leg,  metastasizing  in  the  hver,  and  also  a  mesothehoma  of  the 
testicle.     (Testicle  tumors  also  occur  in  this  strain.) 

Chart  5  shows  a  continuation  of  the  same  strain,  strain  338, 
branch  V,  A  (the  data  being  too  extensive  for  a  single  chart). 
Chart  5  begins  with  generation  3  of  the  family,  the  mating  being 
between  female  8619  and  male  8751.  Generations  7,  8,  and  9 
are  added  to  the  family  in  this  chart.  Note  here,  also,  the 
further  occurrence  of  hver  tumors,  there  being  one  additional 
primary,  in  female  30469,  who  showed  a  primary  Uver  adenoma 
in  addition  to  seven  carcinomas  of  the  mammary  gland,  a  pri- 
mary lung  adenoma,  a  typical  uterine  fibroid,  and  a  diffuse 
endothehal  hyperplasia  of  the  glands  and  spleen.  (Needless  to 
say,  the  mouse  was  riddled  with  tumor,  Httle  but  neoplasm 
remained.)  There  were  also  in  this  part  of  the  family,  two 
additional  cases  of  secondary  Uver  tumor,  one  carcinoma  and  one 
sarcoma,  that  is,  female  22263  with  three  carcinomas  of  the 
mammary  gland  and  a  sarcoma  in  the  peritoneiun  near  the 
stomach,  with  sarcoma  metastases  in  the  liver,  pancreas,  and 
uterine  waU,  and  female  30501  of  generation  9,  with  two  carci- 
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nomas  of  the  mainmary  gland  and  the  liver  absolutely  riddled 
with  carcinoma  secondaries. 

It  is  interesting  to  note  here  also  the  two  occurrences  of  uterine 
neoplasm,  primary  in  female  30469,  and  secondary  in  female 
22263,  as  this  is  one  of  the  strains  carrying  most  of  the  uterine 
tumors  in  this  stock. 
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Chart  6 


The  pancreatic  secondary  sarcoma  also  is  extremely  interest- 
ing, as  this  is  the  strain  which  carries  the  only  other  pancreatic 
neoplasms  which  have  occurred  in  this  stock. 

The  complete  ancestry  of  this  strain  is  shown  in  charts  6  and 
7,  chart  6  being  the  ancestry  of  parent  female  3920,  and  chart  7 
the  ancestry  of  parent  male  3024.  The  prominence  of  liver 
tumors,  primary  and  secondary,  in  the  resulting  strain  is  due  to 
the  fact  that  it  was  bred  in  from  both  sides  of  the  family;  the 
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Chart  6 

strain  thus  received  "a,  double  dose."  Note  also  the  marked 
outcropping  of  sarcoma  in  strain  338,  derived  from  original 
parent  female  3.  Sarcoma  also  was  bred  in  from  both  sides  of 
the  ancestry. 
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Chart  8  shows  a  part  of  strain  465,  wliich  was  derived  from 
the  same  original  ancestry  as  strain  338  (ancestry  shown  in 
charts  6  and  7).  Note  here  also,  the  same  appearance  of  liver 
tumors,  two  primary  and  one  secondary.     This  gives  us,  then, 
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in  these  two  small  strains  (338,  branch  V,  A  and  465)  derived 
from  identical  original  ancestry,  10  primary  and  5  secondary 
liver  tumors.  Including  the  ancestry,  the  number  is  13  primary 
and  5  secondary  liver  tumors.  This  is  a  very  high  occurrence 
of  liver  tumors,  both  primary  and  secondary,  especially  when  one 
considers  the  fact  that  outside  of  this  stock  there  is  just  one 
mouse  liver  tumor  on  record,  a  primary  tumor  of  the  liver,  re- 
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ported  by  the  Imperial  Cancer  Research  Fund  of  England.  This 
liver  tumor  occurrence  (in  the  Slye  stock)  within  a  single  strain, 
makes  a  piece  of  evidence  which  is  conclusive. 

These  five  strains,  represented  in  charts  1  to  8  inclusive  (which, 
it  must  be  remembered,  are  perfectly  typical)  furnish  both 
positive  and  negative  evidence  of  the  ^'segregating  out"  of  differ- 
ent types  and  locations  of  tumors,  and  their  transmission  as 
such,  whether  as  primary  or  as  secondary  neoplasms.    They 
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furnish,  therefore,  both  positive  and  negative  evidence  that 
in  any  given  strain  the  metastatic  tumors  {where  there  are  any)  tend 
to  occur  in  exactly  the  same  organs  in  which  the  primary  tumors  of 
that  strain  occur.     Note,  therefore,  that : 

1.  Every  secondary  tumor  of  the  liver  in  this  stock  (with  the 
possible  exception  of  two  osteosarcomas,  which  metastasized  into 
nearly  every  organ  in  the  body,  in  two  mice  whose  strains  have 
not  yet  been  completely  analyzed)  has  occurred  in  strains  carry- 
ing primary  liver  tumors. 

2.  Every  secondary  tumor  of  the  kidney  in  this  stock  has 
occurred  in  strains  carrying  primary  kidney  tumors. 

3.  Every  secondary  lung  tumor  in  this  stock  has  occurred  in 
strains  carrying  primary  lung  tumors  (with  the  possible  exception 
of  the  one  lung  metastasis  in  strain  164,  branch  IV,  line  C). 

4.  Every  secondary  tumor  of  the  mediastinum  in  this  stock 
has  occurred  in  strains  yielding  primary  tumors  of  the  medias- 
tinum. 

5.  Every  secondary  tumor  of  the  pancreas  in  this  stock  has 
occurred  in  the  strain  which  yields  primary  pancreatic  tumors. 

6.  Every  secondary  tumor  of  the  spleen  in  this  stock,  has 
occurred  in  strains  carrying  primary  spleen  tumors. 

7.  Every  secondary  uterine  tumor  in  this  stock  has  occurred 
in  strains  carrying  primary  uterine  tumors. 

When  this  stock,  or  any  other,  has  been  completely  analyzed, 
there  is  little  doubt  that  it  will  show  that  every  secondary  tumor 
of  any  organ  whatever  has  arisen  in  a  member  of  a  strain  which 
has  shown,  or  will  show,  some  cases  of  primary  tumors  in  that 
organ  (however  few  they  may  be).  There  is  little  doubt  that 
strain  164,  branch  IV,  line  C,  of  this  stock  will  in  time  yield  a 
primary  lung  tumor,  although  it  has  not  done  so  yet.  There  is 
a  very  slight  inheritance  of  lung  tumor  neoplasm  tendency  in 
this  line  of  the  strain,  and  it  is  therefore  to  be  expected  that 
lung  tmnors  of  any  kind  will  occur  but  seldom. 

The  complete  analysis  of  any  strain  is  a  very  long  and  diflicult 
process,  and  the  apparent  testimony  of  the  frequent  occurrence 
of  secondaries  in  man  in  tissues  where  primary  tumors  rarely 
occur  is  of  no  help  here,  as  no  human  strain  has  ever  been  even 
partially  analyzed. 
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Female  3  is  listed  in  these  charts  as  having  a  sarcoma-carci- 
noma of  the  mammary  gland.  This  tmnor  was  unquestionable 
carcinoma  in  some  parts  and  apparently  sarcoma  in  other  parts. 
There  has  been  considerable  difference  of  opinion  concerning 
these  mixed  timiors.  Slye,  Holmes,  and  Wells  (5)  Loeb  (6), 
Lewin  (7),  Bashford  (8),  Woglom  (9),  and  some  others,  diagnose 
them  as  such,  while  Le  Count  (10)  and  Ewing  (11),  etc.,  consider 
them  to  be  entirely  carcinoma,  with  pressure  distortion  of  the 
cells  simulating  sarcoma  in  some  areas. 

The  biological  evidence  of  the  work  in  this  laboratory  un- 
questionably supports  the  opinion  that  there  are  these  mixed 
tumors.  Female  3  with  such  a  tumor,  has  unquestionably 
transmitted  carcinoma  in  every  strain  into  which  she  has  been 
hybridized;  and  she  has  equally  certainly  transmitted  sarcoma 
in  some  branch  of  every  strain  into  which  she  has  been  crossed 
(see  charts  1,  2,  4,  5  [female  3  shown  in  ancestry  charts  6  and  7], 
8  (same  parentage  charts  6  and  7) ,  Chart  9) . 

I  have  preferred  the  term  sarcoma-carcinoma  to  represent 
this  type  of  tiunor,  because  according  to  the  biological  evidence, 
it  is  not  a  sarcomatous  carcinoma,  nor  a  carcinomatous  sar- 
coma, but  rather  a  sarcoma  plus  a  carcinoma,  each  type  of  tumor 
being  transmitted  separately,  as  such.  Biological  evidence,  as 
manifested  in  heredity  behavior,  is  too  fundamental  to  be  ignored. 

POINT  II 

In  certain  strains  there  is  a  tendency  for  primary  tumors  to 
metastasize  in  certain  organs;  whereas,  in  other  strains,  tumors  of 
the  same  type,  primary  in  the  same  organ,  even  when  they  are  of 
older  and  of  larger  growth,  fail  to  metastasize  into  those  organs. 

Chart  9  shows  part  of  strain  73,  which  was  derived  from  the 
same  female  3,  mated  this  time  with  male  30.  Male  30  came 
from  a  strain  carrying  tumors  of  the  lung,  mediastinum,  and 
diaphragm,  and  was  proved  heterozygous  to  tumors  of  these 
organs,  having  been  tested  in  various  crosses. 

The  son  of  this  mating,  Jap.  W.  F.  male,  died  before  autopsies 
were  made,  and  consequently  the  cause  of  his  death  is  not  known. 
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He  was  crossed  with  a  Lathrop  silver-faun  female,  who  also 
died  before  autopsies  were  made.  Their  offspring,  however,  are 
shown  in  two  branches,  A  and  B. 

Note  how  in  branch  B,  every  mammary  gland  carcinoma 
metastasized  into  the  lungs;  even  the  retroperitoneal  and  pelvic 
sarcomas  (male  3951)  metastasized  in  the  lungs.  Note  also 
that  with  the  exception  of  male  1775  this  branch  shows  100  per 
cent  of  lung  tumors,  primary  and  secondary.  Note  the  two 
generations  of  metastasis  into  the  diaphragm,  female  1722  and 
male  3098. 

On  the  other  hand,  in  branch  A,  carcinomas  of  the  same  type 
and  of  older  and  larger  growth,  failed  to  metastasize  into  the 
lungs  (females  4328,  5723,  and  7544).  Note  that  in  female 
5723,  although  the  mechanical  basis  for  lung  secondaries  was 
present  in  multiple  tumor  emboli  throughout  the  lungs,  no 
lung  tiunor  developed.  Note  that  the  sarcoma  of  the  mesen- 
tery in  male  4630  metastasized  into  the  liver,  kidney,  and  retro- 
peritoneal glands,  but  not  into  the  lungs. 

Note  the  three  consecutive  generations  of  leukemia  in  this 
strain,  in  males  899,  1785,  and  2360;  and  the  further  fact  that, 
although  the  lungs  are  one  of  the  principal  organs  for  leukemic 
infiltration,  in  males  1785  and  2360  there  was  no  infiltration  in 
the  lungs,  while  in  male  899  the  lung  infiltration  was  very  sUght. 
On  the  other  hand,  the  marked  leukemic  infiltration  in  this 
family  was  in  the  same  organs  in  which  the  tiunors  of  the  parent 
female  occurred,  that  is,  the  liver  and  kidney.  The  metastatic 
tumors,  also,  in  this  family  were  in  these  same  organs. 

In  branch  B,  however,  the  100  per  cent  lung  tumor  strain, 
female  6568  who  had  pseudoleukemia  along  with  an  adenoma 
of  the  lung,  showed  marked  infiltration  of  pseudoleukemia 
throughout  the  lungs. 

We  have  here,  in  these  two  branches  of  the  same  strain,  a 
striking  illustration  of  point  II :  In  branch  B  all  tumors  metas- 
tasize into  the  lungs,  and  pseudoleukemia  picks  out  the  lungs 
predominantly;  while  in  branch  A,  the  tiunors  of  the  same  type 
in  the  same  organ  and  of  older  and  larger  growth  fail,  in  every 
case,  to  metastasize  into  the  lungs.  Even  the  leukemic  infiltra- 
tion fails  to  take  hold  of  the  lungs  in  this  branch. 
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Chart  10  shows  part  of  strain  405.  In  this  branch  of  the 
family,  after  the  parent  generation,  although  there  are  five 
straight  generations  of  mammary  gland  carcinoma,  none  of  these 
tumors  metastasized  into  the  lungs.  Note  also  the  complete 
absence  of  primary  lung  tumors.     This  branch  of  the  family 
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did  not  inherit  lung  tumors,  and  none  occurred,  either  primary  or 
secondary. 

Chart  11  shows  one  branch  of  strain  508.     Here  again  through 
five  consecutive  generations  of  mammary  gland  carcinoma,  no 
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lung  metastasis  occurred.  Even  where  the  presence  of  multiple 
tumor  emboli  in  the  lungs  gives  certain  evidence  that  cells  from 
the  primary  timior  were  carried  to  the  lungs  (in  females  7821  and 
9260)  no  lung  tumor  occurs.  The  mechanical  basis  was  there; 
the  tumor  growth  did  not  follow.  This  strain  also  shows  no 
primary  lung  tumors. 
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Chart  12  gives  a  summary  of  strain  164,  branch  IV,  families 
A,  B,  and  C.  It  is  shown  in  sximmary  only  in  order  to  get  the 
data  within  a  single  chart.  These  branches  of  the  family  showed 
48  primary  tumors,  all  but  one  of  them  highly  maUgnant,  with 
only  one  case  of  lung  metastasis,  in  female  10574,  a  member  of 
line  C.  Note  the  marked  absence  of  lung  tumors  primary  and 
secondary,  although  lung  tumors  are  second  in  frequency  of  all 
mouse  tumors. 
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The  strain  also  showed  13  cases  of  pseudoleukemia  and  one  of 
leukemia.  Here  again,  it  is  most  interesting  to  note  that  the 
six  cases  of  pseudoleukemia  which  occurred  in  line  B  showed  not 
the  shghtest  infiltration  in  the  lungs.     The  maUgnant  thymus 
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timiors  in  this  line  of  the  family  also  failed  to  infiltrate  the  lungs, 
although  they  went  extensively  into  the  chest  wall  and  medias- 
tinal glands.  The  seven  cases  of  pseudoleukemia  which  fell  in 
line  C  of  this  strain,  showed  a  very  slight  infiltration  of  the  lung. 
This  is  the  same  line  which  showed  one  case  of  lung  metastasis. 
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We  have  then,  in  this  strain,  lines  A  and  B,  a  marked  illus- 
tration of  the  failure  of  the  lungs  to  yield  at  all  to  tumor,  primary 
or  secondary.  In  other  words,  the  lungs  of  this  family  do  not 
show  neoplastic  proliferation,  nor  do  they  accept  neoplastic 
secondaries  or  leukemic  growth  in  ^pite  of  the  certain  and  marked 
presence  of  the  ordinary  provocation  for  such  proliferation.  In 
line  C  of  the  strain,  a  slight  tendency  of  the  lung  to  proliferation 
is  present. 

This  strain  was  derived  by  the  hybridization  of  an  absolutely 
nontumorous  strain  of  house  mice,  in  my  hands  many  years, 
strain  358,  with  albino  strain  146,  which  carried  many  tumors, 
and  furnished  some  100  per  cent  tumor  famiUes.  This  strain 
gives  another  marked  illustration  of  the  segregating  out  of  these 
things;  the  tendency  to  neoplastic  lung  proliferation,  either 
primary  or  secondary,  failed  to  be  transmitted  at  all  to  lines 
A  and  B  of  branch  IV  of  the  strain,  and  only  slightly  to  line  C. 
Note  the  striking  contrast  between  this  strain  with  no  lung 
tumors,  and  strain  522  (chart  15)  showing  100  per  cent  lung 
tumors  (p.  167). 

These  four  strains  represented  in  charts  9  to  12  inclusive 
(which  are  perfectly  typical)  furnish  both  positive  and  negative 
evidence  of  the  segregating  out  of  different  types  and  locations  of 
tumors,  and  their  transmission  as  such,  whether  as  primary  or  as 
secondary  neoplasms. 

They  furnish  therefore  evidence  that  in  certain  strains  there  is 
a  tendency  for  tumors  to  metastasize  into  certain  organs,  whereas  in 
other  strains,  tumors  of  the  same  type  in  the  same  organ,  even  when 
they  are  of  older  and  of  larger  growth,  fail  to  metastasize  into  those 
organs.  Moreover  in  these  strains,  leukemia  and  pseudoleuke- 
mia tend  to  infiltrate  the  same  organs  which  show  prunary  and 
secondary  neoplasms,  and  fail  to  take  hold  of  the  same  organs 
which  do  not  yield  to  primary  or  secondary  tumors. 

In  this  connection,  it  is  interesting  to  analyze  the  results  of 
various  experiments  to  test  the  effect  upon  metastasis  formation 
of  making  exploratory  incisions  into  tumors,  of  massaging 
tumors,  etc.  Let  me  indicate  what  would  be  a  complete  biolog- 
ical control  in  such  experiments. 
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TWO  ILLUSTRATIONS  OF  COMPLETE  BIOLOGICAL  CONTROL. 


Strain  164  branch  C  of  the  Slye  stock,  during  its  twelve  years 
of  existence  has  consistently  yielded  0.01  per  cent  of  lung  tumors 
primary  and  secondary,  leukemic  and  pseudoleukemic  infiltration 
of  the  lung,  and  infiltration  into  the  lungs  from  mahgnant  thymus 
tumors. 

If  now  we  use  tumorous  mice  from  strain  164  branch  C,  and 
excise  for  diagnosis  pieces  of  their  tumors  or  massage  their  tumors 
or  otherwise  manipulate  them,  and  if  we  find  at  autopsy  that  the 
group  of  mice  whose  tumors  have  been  manipulated  show  Httle 
or  no  higher  percentage  than  0.01  per  cent  of  lung  tumor  metas- 
tasis, and  that  the  group  which  is  not  manipulated  runs  true  to 
this  0.01  per  cent  lung  tumor  metastasis,  we  shall  have  a  perfect 
control,  and  shall  be  justified  in  saying,  without  qualification, 
that  excising  a  piece  of  tumor  for  diagnosis  or  massaging  the 
tumor,  or  otherwise  manipulating  it,  had  no  effect  upon  the  pro- 
duction of  lung  tumor  metastasis. 

IT 

Strain  65  branch  II  B  has  during  its  twelve  years  of  existence 
produced  35  per  cent  of  lung  tumor  metastasis. 

If  now  we  repeat  these  same  experiments  with  this  strain,  and 
find  at  autopsy  that  the  group  whose  tumors  have  had  a  piece 
excised  for  diagnosis  or  which  have  been  in  any  other  way  manip- 
ulated, show  little  or  no  increase  in  lung  tumor  metastasis  over 
35  per  cent,  and  if  the  unmanipulated  group  runs  true  to  this 
percentage  of  lung  tumor  metastasis,  we  shall  have  a  perfect 
biological  control  of  the  experiments,  and  shall  be  justified  in 
saying  without  qualification  that  the  excision  of  a  piece  of  tumor 
for  diagnosis  or  any  other  form  of  manipulation  had  no  effect 
upon  the  production  of  lung  tumor  metastasis. 
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THREE  ILLUSTRATIONS  OF  THESE  EXPERIMENTS  WITH  INADEQUATE 
BIOLOGICAL  CONTROL 

I 

Strain  164  branches  A  and  B  have  during  their  existence 
for  twelve  years,  without  exception  of  any  sort,  yielded  0  per 
cent  of  lung  tumors  primary  or  secondary  even  where  tumor 
emboU  were  present  in  the  lungs,  0  per  cent  of  leukemic  or  pseudo- 
leukemic  infiltration  into  the  lungs,  and  0  per  cent  of  infiltration 
into  the  lungs  by  extension  from  thjnnus,  diaphragmatic,  or  other 
adjacent  malignant  tumors. 

If  now  we  repeat  these  same  experiments  with  these  branches 
of  the  strain,  we  shall  find  at  autopsy  0  per  cent  of  lung  tumor 
metastasis  in  every  group  of  mice,  whether  or  not  we  excise  a 
piece  of  tumor,  or  massage  the  tumor,  or  otherwise  manipulate  it. 
That  is,  a  strain  whose  lungs  have  been  proved  not  to  yield  to 
tumor  emboli  is  not  a  strain  fitted  to  show  the  effect  of  these  or 
any  other  types  of  manipulation. 

II 

Strains  139,  522,  73,  branch  B,  etc.,  have  during  their  many  years 
of  existence  without  exception  furnished  100  per  cent  of  lung 
tumors,  primary  and  secondary,  infiltration  into  the  lungs  by 
leukemia  and  pseudoleukemia,  and  extension  infiltration  into  the 
lungs  from  malignant  thymus  and  other  adjacent  tumors. 

If  now  we  repeat  these  same  experiments  with  these  or  any 
other  100  per  cent  lung  tumor  strains,  we  shall  find  at  autopsy 
an  exceedingly  high  percentage  of  lung  tumor  metastasis,  prob- 
ably 100  per  cent  in  every  group  whether  excised  or  not.  That 
is,  a  strain  which  for  twelve  years  has  shown  100  per  cent  of  lung 
tumor  is  not  a  strain  fitted  to  show  the  effect  upon  lung  metastasis 
of  this  or  any  other  type  of  manipulation. 

Ill 

Groups  of  mice  even  when  purchased  from  one  dealer  are  mixed 
lots,  secured  from  many  divergent  sources,  and  wholly  unanalyzed 
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as  to  tumor  potentiality.  They  may  include  some  individuals 
from  0  per  cent  lung  tumor  strains,  some  from  100  per  cent,  some 
from  35  per  cent,  etc.  If  we  take  such  groups  of  mice  and  repeat 
these  same  experiments,  we  shall  have  no  biological  control,  and 
we  shall  not  be  justified  in  saying  whether  the  lung  tumor  meta- 
stases found  at  autopsy  were  or  were  not  caused  by  the  excision 
of  a  piece  of  tumor  for  diagnosis,  or  by  massage,  or  whatever 
form  of  artificial  manipulation  may  have  been  used. 

It  is  greatly  to  be  deplored  that  the  vast  majority  of  experi- 
mental studies  in  animal  pathology  and  bacteriology  have  not 
been  and  are  not  as  yet  being  conducted  with  animals  whose 
hereditary  potentialities  have  been  studied.  It  is  being  taken 
for  granted  that  pathological  conditions  found  in  the  animal 
after  experimental  procedure,  are  the  result  of  such  experi- 
mental procedure.     No  allowance  is  being  made  for  heredity. 

Until  stocks  of  animals  to  be  used  in  such  experiments,  have 
been  thoroughly  tested  out  as  to  their  inlierited  potentialities, 
such  experiments  are  lacking  in  adequate  control,  as  the  factor 
of  heredity  is  not  being  considered,  although  it  is  tremendously 
potent.  Heredity  alone  would  be  sufficient  to  give  the  exact 
results  attained  in  countless  experiments  which  have  been  con- 
ducted without  any  effort  to  study  or  control  the  heredity 
factor.  Moreover,  most  of  these  studies  in  metatasis  production 
by  the  artificial  manipulation  of  the  primary  tumor  have  been 
conducted  with  grafted  tumors.  As  has  frequently  been  stated 
in  the  series  of  cancer  studies  from  this  laboratory,  the  biological 
difference  between  spontaneous  and  gi*afted  tumors  is  so  funda- 
mental and  so  complete,  that  the  behavior  of  grafted  tumors  has 
practically  no  bearing  upon  the  behavior  of  spontaneous  tmnors. 

POINT   III 

Individuals  with  secondary  tumors  in  any  given  organ  seem  to  he 
as  potent  as  individuals  with  primary  tumors  in  the  same  organ  to 
transmit  by  heredity  primary  tumors  in  that  organ. 

Note  chart  13,  showing  part  of  strain  304  with  ancestr3^  Here 
two  successive  generations  of  females  (529  and  4G7)  with  second- 
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ary  lung  tumors,  have  originated  a  strain  which,  in  Hne  C,  is 
producing  a  44.4  per  cent  primary  lung  tumor  strain.  The 
combination  of  both  lines  B  and  C  shows  33.3  per  cent  of  primary 
lung  tumors.  Note  the  100  per  cent  pseudoleukemia  family 
being  extracted  in  branch  B,  in  all  of  which  the  lungs  were  infil- 
trated extensively. 

Again,  in  chart  14,  strain  338  branch  VI,  a  100  per  cent  lung 
tumor  strain  is  being  extracted  from  the  original  mating  of  female 
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Chart  14 

5417,  with  a  secondary  lung  tumor,  with  male  7736,  with  a 
primary  lung  tumor;  that  is,  the  metastatic  lung  tumor  is  behav- 
ing like  a  primary  lung  tumor  in  helping  to  produce  a  100  per 
cent  lung  tumor  strain,  primary  and  secondary. 

Refer  again  to  chart  1  (page  142),  showing  part  of  strain  215, 
and  note  how  female  630  (parent  of  branch  B)  with  a  metas- 
tatic carcinoma  of  the  liver,  produced  three  straight  generations 
of  primary  liver  adenoma  (not  yet  malignant)  females  8871, 11237, 
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and  12207,  as  well  as  a  primary  malignant  adenoma  of  the  liver 
in  male  2327.  Note  also  how  her  secondary  lung  tumor  was 
followed  by  a  primary  lung  tumor  in  female  823  (G3). 

Refer  again  to  chart  2  (page  145),  showing  strains  48  and  292, 
and  note  how  the  secondary  sarcoma  of  the  kidney  in  parent 
female  3,  resulted  in  primary  sarcomas  of  the  kidneys  in  females 
26,  348,  and  396.  Refer  again  also  to  chart  3  (page  147),  strain 
65,  and  note  how  secondary  lung  tumor  in  the  parent  female  5738, 
introduced  primary  lung  timaors  in  the  strain,  in  females  1253, 
8749,  11512,  and  13386,  and  in  male  11832.  Note  that  the  thy- 
mus sarcoma  in  female  9888  was  markedly  infiltrating  the  lungs, 
while  in  strain  164  Br.  IV,  lines  A  and  B,  which  did  not  produce 
lung  tumors  of  any  sort,  either  primary  or  secondary  and  in 
which  leukemia  and  pseudoleukemia  failed  to  infiltrate  the  lungs, 
the  thymus  tumors  also  failed  to  infiltrate  the  lungs. 

Note  also  how  in  chart  15,  strain  522,  female  5636,  with  a 
secondary  lung  tumor  (G2),  mated  with  male  8102  with  a  primary 
lung  tumor,  produced  a  100  per  cent  primary  lung  tumor  strain 
(center  of  the  chart).  The  pseudoleukemia  in  this  100  per  cent 
lung  timior  strain,  viz.,  female  14033,  showed  marked  infiltration 
in  the  lungs. 

From  these  charts,  viz.,  13  to  15  inclusive,  and  also  from  charts 
1, 2,  and  3  (which  are  perfectly  typical)  it  is  evident  that  individuals 
with  secondary  tumors  in  any  given  organ  seem  to  he  as  potent  as 
individuals  with  primary  tumors  in  that  organ,  to  transmit  by 
heredity,  primary  tumors  in  that  organ, 

DISCUSSION 

We  have  here,  in  the  charts  presented  in  this  report,  biological 
evidence  of  the  nature  of  cancer  heredity.  It  is  well  to  bear  in 
mind  that  until  the  facts  of  pathology  have  been  based  upon  the 
more  fundamental  biological  facts,  it  will  never  be  possible  to  get 
a  complete  explanation  of  the  pathological  behavior  of  tissues. . 

Let  me  repeat  at  this  point,  what  I  already  have  stated  fre- 
quently in  previous  pubUcations:  the  materials  used  for  this 
study  are  individuals  analyzed  as  to  their   hereditary'-  poten- 
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tialities  by  every  possible  test.  The  tumors  are  all  spontaneous, 
arising  without  interference  of  any  sort  except  that  of  selective 
breeding.  By  the  process  of  selective  breeding  alone,  using 
analyzed  individuals  as  material,  it  is  possible  to  extract  strains 
in  which  the  lungs  do  not  react  with  either  primary  or  secondary 
neoplastic  proliferation  or  leukemic  infiltration;  or  strains  in 
which  the  liver  does  not  so  react,  or  the  kidneys,  or  the  mammary 
gland  tissue,  etc. 

Etiological  meaning.  The  fact  that  both  primary  and  second- 
ary tmnors  of  a  given  organ  or  organs  tend  to  occur  in  the  same 
strains,  and  fail  to  occur  at  all  in  other  tumor  strains,  indicates 
beyond  question  that  heredity  is  a  strong  factor  in  determining  not 
only  where  the  primary  tumors  shall  occur,  hut  also  where  the 
secondary  tumors  shall  occur. 

The  consequent  fact,  that  it  is  possible  to  extract  strains 
where  only  certain  organs  shall  furnish  both  the  primary  and  the 
secondary  neoplasms,  and  shall  yield  to  leukemia  and  pseudo- 
leukemia; and  to  extract  other  strains  in  which  these  organs 
never  furnish  either  primary  or  secondary  neoplasms  nor  yield 
to  leukemic  or  pseudoleukemic  invasion,  and  that  secondary 
timiors  are  just  as  potent  as  primary  timiors  in  the  transmission 
of  primary  tumors  in  any  given  organ,  shows  beyond  a  doubt 
that  the  thing  which  is  transmitted  in  the  heredity  of  cancer  is  the 
tendency  of  a  given  organ  or  organs  to  yield  to  cancer.  This 
inherited  tendency  of  an  organ  or  organs  to  yield  to  cancer  is 
manifested,  whether  the  lesion  is  primary  in  that  organ,  or 
whether  cells  from  the  primary  growth  lodge  in  that  organ  and 
form  a  secondary  lesion. 

The  negative  evidence  on  this  point  is  just  as  conclusive, 
that  is,  that  in  strains  from  which  tumors  of  a  certain  organ  or 
organs  have  been  eliminated  by  heredity,  the  cells  from  the 
primary  neoplasm  fail  to  take  hold,  even  when  they  lodge  in 
such  organ,  and  do  not  form  a  secondary  growth;  and  even  when 
a  tumor  completely  surrounds  an  organ,  it  fails  to  penetrate  it 
by  extension. 

Now  what  do  these  things  mean?  They  mean  that  the  ten- 
dency to  carcinoma  segregates  out  and  is  transmitted  as  such; 
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that  the  tendency  to  sarcoma  or  adenoma,  etc.,  segi'egates  out 
and  is  transmitted  as  such;  that  a  strong  tendency  to  the  location 
of  one  or  more  of  these  types  of  tumor  in  a  specific  organ,  such 
as  the  hver,  the  lung,  the  kidneys,  the  mammary  glands,  etc., 
is  transmitted,  owing  to  the  segregating  out  of  a  peculiar  type  of 
tissue  in  these  organs,  which  will  respond  in  a  neoplastic  manner 
to  lesions  of  any  kind  which  furnish  a  chronic  irritation  of  not  too 
destructive  a  type.  That  is,  the  tissues  of  these  organs  are  of  the 
same  nature  as  the  ancestral  organs  from  which  they  are  derived. 
There  is  a  specificity  of  tissue  type  from  liver  to  liver,  or  from  kidney 
to  kidney,  etc.,  which  will  make  those  organs  react  in  a  given  way  to 
a  given  type  of  irritation. 

Now  with  each  of  these  things  being  transmitted  as  such,  it  is 
possible  for  a  parent  female  wuth  a  sarcoma-carcinoma  of  the 
mammary  gland,  a  malignant  adenoma  of  the  liver,  and  a  second- 
ary sarcoma  of  the  kidney  (like  female  3)  to  transmit  to  the 
strains  derived  from  her,  a  tendency  to: 

1.  Carcinoma  of  the  mammary  gland. 

2.  Sarcoma  of  the  mammary  gland. 

3.  Adenoma  of  the  mammary  gland. 

4.  Carcinoma  of  the  liver. 

5.  Sarcoma  of  the  liver. 

6.  Adenoma  of  the  liver. 

7.  Carcinoma  of  the  kidney. 

8.  Sarcoma  of  the  kidney. 

9.  Adenoma  of  the  kidney,  or  any  combination  of  these  nine. 
If  she  is  mated  with  a  male,  either  himself  having  a  lung  and  a 

mediastinal  tumor,  or  being  heterozygous  to  these  locations  of 
tumor  (as  in  the  case  of  male  360) ,  the  resulting  strains  will  show : 

1.  Carcinoma  of  the  mammary  gland. 

2.  Sarcoma  of  the  mammary  gland. 

3.  Adenoma  of  the  mammary  gland. 

4.  Carcinoma  of  the  liver. 

5.  Sarcoma  of  the  liver. 

6.  Adenoma  of  the  liver. 

7.  Carcinoma  of  the  kidney. 

8.  Sarcoma  of  the  kidnov. 


170  MAUD   SLTB 

9.  Adenoma  of  the  kidney. 

10.  Carcinoma  of  the  lung. 

11.  Sarcoma  of  the  lung. 

12.  Adenoma  of  the  lung. 

13.  Carcinoma  of  the  mediastinum. 

14.  Sarcoma  of  the  mediastinum. 

15.  Adenoma  of  the  mediastinum,  or  any  combination  of  these 
tumors. 

The  neoplastic  growth  may  be  primary  in  any  one  or  more  of 
these  organs,  according  to  where  there  is  occasion  for  the  primary 
lesion  to  occur,  and  there  may  be  secondary  growths  in  any  one  or 
more  of  these  organs,  according  to  where  the  secondary  lesions 
occur. 

Now  note  that  this  is  exactly  what  we  get  from  the  matings  of 
female  3  (with  a  sarcoma-carcinoma  of  the  mammary  gland,  a 
maUgnant  adenoma  of  the  liver,  and  sarcoma  metastasis  in  the 
kidney)  with  male  360,  proved  heterozygous  to  lung  and  medias- 
tinal tumors.  Note  especially  charts  1  and  2  where  the  strains 
were  derived  from  the  same  original  mating  of  female  3  with  male 
360;  and  charts  4,  5,  6,  7,  8,  and  9,  showing  ancestry  and  strains 
derived  from  the  mating  of  female  3  with  male  30. 

It  should  not  be  a  matter  for  surprise  that  there  is  an  inheri- 
tance of  a  specific  type  of  liver  tissue,  or  kidney  tissue,  etc.,  which 
will  tend  to  respond  in  a  given  way  to  a  given  irritation  or  a  given 
lesion.  Similar  facts  of  inheritance,  such  as  a  tendency  to  orow 
tall,  with  the  proper  degree  of  nourishment,  etc.,  are  easily 
accepted.  That  also  is  the  inheritance  of  tissues  which  tend  to 
respond  in  a  given  way  to  a  given  stimulus.  There  is  here  also  a 
certain  specificity,  as,  for  example,  the  tendency  to  longness  in 
the  trunk  and  shortness  of  the  limbs;  or  of  shortness  of  the 
trunk  and  longness  in  the  limbs,  so  that  a  given  figure  tends  to 
predominate  in  a  given  family,  just  as  given  types  and  locations 
of  neoplasms  tend  to  predominate  in  a  given  family.  Again,  it  is 
an  accepted  expectation  that  there  should  be  a  given  nose  shape, 
or  shape  of  lips,  or  contour  of  head,  inherited  within  a  family; 
i.e.,  a  specificity  of  nose  tissue,  etc.,  which  will  insure  its  growing 
to  a  given  shape,  etc. 
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This  specificity  of  organ  tissue,  which  shall  insure  its  reacting  in 
a  given  neoplastic  way,  to  a  given  chronic  irritation,  is  exactly  what 
we  find  to  he  the  nature  of  cancer  heredity;  and  it  is  obvious  that  it 
will  make  no  difference  in  the  nature  of  the  reaction  of  such 
specific  organ  tissue,  whether  the  lesion  is  primar}^  or  secondary. 

Heredity,  therefore,  of  a  specific  type  of  organ  tissue,  is  here 
shown  to  be  the  fundamental  influence  in  determining  the  inci- 
dence and  location  of  metastatic  neoplasms,  as  well  as  those  of 
primary  neoplasms. 

In  regard  to  the  relative  infrequency  of  secondary  tumors  in 
this  stock,  the  biological  evidence  is  as  follows:  Many  of  these 
strains  have  been  made  by  hybridizing  a  tumorous  individual 
with  a  proved  non-tumerous  indi\ddual.  This,  of  course,  is 
done  to  test  for  the  MendeHan  behavior  of  cancer  in  heredity. 
Now,  with  the  tendency  to  carcinoma,  sarcoma,  etc.,  segregating 
out,  and  a  specific  type  of  organ  tissue  segregating  out  and  being 
transmitted  as  such,  it  is  evident  that  any  given  mouse  may 
inherit  a  tendency  to  only  one  type  of  tumor,  and  in  only  one 
organ.  Other  organs,  therefore,  in  such  a  mouse,  refuse  to 
yield  to  cancer,  even  where  emboli  are  present  in  such  organs. 
Many  such  cases  have  been  pointed  out  as  shown  in  the  charts 
in  this  report. 

Individuals  into  whose  ancestry  (as  is  the  case  in  much  human 
heredity)  an  indiscriminate  amount  of  cancer  had  been  bred 
would  show  a  correspondingly  higher  percentage  of  metastasis. 

SUMMARY 

These  studies  in  the  metastasis  behavior  of  spontaneous 
tumors  demonstrate  the  following  facts: 

1.  In  any  given  strain,  the  metastatic  tumors  (where  there 
are  any)  tend  to  occur  in  exactly  the  same  organs  in  which  the 
primary  tumors  of  that  strain  occur. 

2.  In  certain  strains,  there  is  a  tendency  for  tumors  to  metasta- 
size in  certain  organs;  whereas  in  other  strains,  tumors  of  the 
same  type  in  the  same  organ,  even  where  they  are  of  older  and  of 
larger  growth,  fail  to  metastasize  into  those  organs. 
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3.  Leukemia  and  pseudoleukemia,  occurring  in  tumor  strains, 
pick  out  predominantly  the  same  organs  for  infiltration  which 
show  the  primary  and  secondary  tumors  of  that  strain. 

4.  Tumors  do  not  even  invade  by  extension  the  organs  from 
which  primary  and  secondary  neoplasms  have  been  eliminted 
by  heredity. 

5.  Individuals  with  secondary  timiors  in  any  given  organ, 
seem  to  be  as  potent  as  individuals  with  primary  tumors  in  the 
same  organ,  to  transmit  by  heredity,  primary  tumors  in  that 
organ. 

Therefore : 

6.  Heredity  is  a  strong  factor  in  determining  not  only  where 
the  primary  tumors  of  a  strain  shall  occur,  but  also  where  the 
secondary  tumors  shall  occur. 

7.  Heredity  is  a  strong  factor  in  determining  what  organs  of  a 
strain  shall  yield  to  the  invasion  of  leukemia  and  pseudoleukemia. 

8.  The  thing  which  is  transmitted  in  the  heredity  of  cancer  is 
the  tendency  of  an  organ  or  organs  to  yield  to  cancer.  This 
tendency  is  manifested  whether  the  lesion  is  primary  in  that 
organ,  or  whether  cells  from  the  primary  growth  lodge  in  that 
organ  and  form  a  secondary  lesion. 

9.  The  tendency  to  sarcoma,  carcinoma,  adenoma,  etc.,  segre- 
gates out  and  is  transmitted  as  such. 

10.  A  strong  tendency  to  the  location  of  one  or  more  types  of 
timior  in  a  specific  organ  or  organs,  such  as  the  liver,  kidney, 
pancreas,  mammary  gland,  etc.,  is  transmitted,  owing  to  the 
segregating  out  of  a  peculiar  type  of  tissue  in  these  organs,  which 
will  respond  in  a  neoplastic  or  leukemic  manner  to  lesions  of  any 
kind  which  furnish  a  chronic  irritation  of  not  too  destructive  a 
type. 

11.  That  is,  there  is  a  specificity  of  tissue  type,  from  organ  to 
organ  in  a  strain,  which  will  make  these  organs  react  in  a  given 
way  to  a  given  type  of  irritation. 

12.  It  is,  therefore,  possible  for  ancestry  to  transmit  to  its 
posterity  every  possible  combination  of  the  neoplastic  or  leu- 
kemic tendencies  which  they  carry  either  actually  or  potentially. 
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13.  This  specificity  of  tissue  type  in  organs,  which  will  insure 
its  reacting  in  a  given  neoplastic  manner  or  accepting  leukemic 
deposits,  in  response  to  a  given  chronic  irritation^  is  what  we  find 
to  be  the  nature  of  cancer  heredity,  and  it  is  obvious  that  it  will 
make  no  difference  in  the  nature  of  the  response  of  such  specific 
organ  tissue,  whether  the  lesion  is  primary  or  secondary  in  that 
organ  or  organs. 

Heredity y  ther^orej  of  a  specific  type  of  organ  tissue  y  is  here 
shown  to  be  the  fundamental  injlu£nce  in  determining  the  incidence 
and  location  of  secondary  tumors  and  of  leukemia  and  pseudoleu- 
kemiaj  just  as  it  is  in  determiningy  the  incidence  and  location  of 
primary  neoplasms. 

It  is  also  pointed  out  that  any  apparent  testimony  of  the 
frequent  occurrence  of  secondary  tumors  in  man  in  tissues  where 
primary  tumors  rarely  occur,  would  be  of  no  help  here,  as  no 
human  strain  has  ever  been  even  partially  analyzed,  and  no  right 
conclusions  regarding  heredity  can  be  drawn  except  from  analyzed 
strains. 

It  is  also  suggested,  that  until  stocks  of  animals  to  be  used 
in  pathological  and  bacteriological  experiments,  have  been  thor- 
oughly tested  out  as  to  their  inherited  potentialities,  such 
experiments  will  be  lacking  in  any  adequate  control,  since 
heredity  is  not  considered  although  it  is  tremendously  potent. 
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THE     ROUTE     AND     RATE     OF     ABSORP- 
TION    OF     SUBCUTANEOUSLY 
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Most  of  the  recorded  cases  of  sudden  death  with 
symptoms  of  anaphylaxis  whicli  have  resulted  from 
injection  of  foreign  proteins  in  man  have  followed 
subcutaneous  injections.  Furthermore,  in  most  cases, 
the  onset  of  the  symptoms,  and  often  the  fatal  termina- 
tion, occurred  a  very  few  minutes  after  the  injection. 
However,  it  should  he  im])ossil)le  to  i)roduce  death  l)_\- 
subcutaneous  injection  of  serum  in  ordinary  amounts, 
because  the  normal  rate  of  absorption  from  the  sub- 
cutaneous tissues  is  very  slow,  and  it  is  known  from 
experimental  ana])hylaxis  that  in  order  to  produce  acute 
anaphylactic  death  the  antii^cn  must  ^et  into  the  circu- 
lation rapidly.  This  ai)])arent  discrejxancy  between  fact 
and  theory  \v<i<  been  made  the  snl)ject,  at  the  sugi]^estion 
of  Dr.  H.  (iideon  Wells.'  of  the  investif][ation  rej)orte(l 
here. 

In  the  sensitized  <(uinea-pi<.,^  which  seems  to  be  the 
most  highly  sensitive  animal  to  anaphylaxis  known,  it 
is  difficult  to  ])ro(luce  acute  anaphylactic  death  by  a 
subcutaneous  injection  of  antigen.  Paul  Lewis  -  found 
that  from  ()  to  10  c.c.  of  serum  injected  into  a  sensi- 
tized guinea-pig  would  not  kill,  and  from  the  way  the 
animals  behaved  he  calculated  that  from  12  to  20  c.c. 
would  be  re(|uir('{l  to  kill  a  sensitized  guinea-])ig,  wlien 
injected  subcutaneously.  Kosenau  and  .Anderson  ' 
injected  6  c.c.  of  serum  subcutaneously  into  a  series 
of  sensitized  guinea-pigs,  and  se\eral  of  them  died  in 

•  From  thr  ()th<>  S.  A.  Spr.iKiir  Mnnnri.il  Instimtr  .md  the  I)c|i.irt 
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acute  shock.  In  a  series  of  experiments  outlined  in 
the  accompanying  table  I  found  15  c.c.  to  be  the 
smallest  amount  which,  when  injected  subcutaneously, 
would  cause  death  of  sensitized  guinea-pigs.  If  we 
take  6  c.c.  as  the  minimum  subcutaneous  dose  that  will 
kill  a  250  gm.  guinea-pig,  in  proportion  to  body  weight 
nearly  2  liters  of  serum  would  be  required  to  kill  a 
70  kg.  man,  even  if  man  could  be  as  highly  sensitized 
as  a  guinea-pig;  and  it  is  believed  that  he  is  not  so 
reactive.  Nevertheless,  in  spite  of  the  difficulty  of 
killing  even  the  most  readily  sensitized  animal  known 
with  a  subcutaneous  injection  of  antigen,  a  considerable 
number  of  cases  of  sudden  death  from  anaphylaxis  in 
man  following  the  subcutaneous  injections  of  horse 
serum  have  been  described. 

Rosenau  and  Anderson,*  in  their  pioneer  work  on 
anaphylaxis,  collected  nineteen  such  instances  from  the 
literature,  and  state  that  they  know  personally  of  many 
more.  Gillette  •'  collected  twenty-eight  cases.  Since 
these  papers  appeared,  reports  of  sudden  acute  ana- 
phylactic death  occasionally  appear  in  the  literature. 
What  Gillette  has  said  about  the  instances  that  he 
collected  appears  to  be  true  of  all.  ''Practically  all 
these  cases  have  symptoms  in  common.  In  a  few 
minutes  after  receiving  the  injection  they  are  seized 
with  an  intense  dyspnea,  followed  by  edema  and  urti- 
caria. The  action  of  the  heart  continues  long  after 
respiration  has  ceased.  .  .  .  When  death  terminated 
the  reaction,  only  two  cases  lived  longer  than  ten 
minutes  after  receiving  the  serum."  Indeed,  it  seems 
true  that  the  sooner  any  serum  reaction  appears  after 
injection,  the  more  severe  it  is.  Wiley  **  describes  a 
case  of  a  man,  aged  34,  who  was  given  a  prophylactic 
dose  of  1,000  units  of  antitoxin  subcutaneously,  4 
inches  above  Poupart's  ligament.  He  suffered  no  pain, 
but  spoke  of  the  "lump  that  raised"  when  the  needle 
was  withdrawn.  He  remained  in  his  chair  from  two 
to  three  minutes,  and  then  began  to  scratch  his  head 
vigorously,  complaining  of  not  being  able  to  breathe. 
Breathing  became  more  and  more  labored,  and  he  died 
in   not   more   than    five   minutes   after   the   injection. 

4.  Rosenau  and  Anderson:    Bull.  29,  Hyg.  Lab.,  U.  S.  P.  H.  S..  1906. 

5.  Gillette:    Therap.    Caz.    32:159.    1909. 

6.  Wiley,  S.  N.:  Sudden  Death  After  Injection  of  Diphtheria  Anti- 
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Boone"  related  that  a  boy,  a^^^cd  10  years,  with  diph- 
theria, was  crimen  4,000  units  of  antitoxin  heU)w  the 
shoulder  blade.  Just  as  the  syringe  was  laid  down,  the 
boy  cried  out  and  choked.  He  suffered  difficulty  in 
breathing  and  convulsions.  He  finally  stopped  l)reath- 
ing,  and  in  from  five  to  six  minutes  after  the  injection. 
he  was  dead.  Von  Pirquet  and  Schick,''  in  their  mono- 
graph on  serum  disease,  speak  about  a  case  they  saw 
in  which  an  immediate  reaction  followed  subcutanetni^ 
injection  of  serum.  From  fifteen  to  twenty  minutes 
after  injection,  the  patient  went  into  collapse  and 
almost  died,  but  later  recovered.  Another  case  i> 
described  ^  of  a  5-year-old  boy  who  was  given  a  ])ro- 
phylactic  dose  of  diphtheria  antitoxin  in  the  scapular 
region.  Before  the  injection  he  was  completely  well. 
About  five  minutes  after  injection,  the  j)hysician  wa> 
recalled  to  find  the  child  dead. 

These  cases  of  fatal  anaphylaxis  are  inconsistent 
with  wdiat  is  known  about  the  rate  of  absorj^tion  from 
the  subcutaneous  tissues,  and  the  rate  of  appearance 
of  antigen  in  the  circulation  in  the  amount  necessary 
to  produce  death  in  a  highly  sensitized  animal.  Resides 
being  proved  by  the  bulk  of  clinical  experience,  the 
slow  al)sorption  of  serum  from  the  subcutaneous  tis- 
sues has  also  been  ])ro\ed  experimentally  by  testing 
for  the  time  of  ap])earance  of  horse  scrum  in  the 
circulation  of  an  animal  which  has  receixed  a  sul)cu- 
taneous  injection  of  this  serum. 

J.  H.  Smith  ^"'  injected  serums  containing  agglutinin 
for  /?.  coli,  and  antitetanolysin  and  antitoxin  for  diph- 
theria, subcutaneously  into  goats,  rabbits  and  man. 
By  testing  sami)les  of  blood  drawn  at  different  inter- 
vals after  injection,  he  found  that  at  the  end  of  \\\v 
hours  in  the  case  of  the  antitoxiti  only  one  tenth  of 
the  amount  injected  had  been  absorbed,  and  that  the 
maximum  amoimt  in  the  circulation  \\a>  not  reache<l 
until  from  two  to  three  da\s  after  injection.  W  .  II. 
l\'irk  "  iinds  that  after  the  subcutaneous  injection  of 
di])htheria  antitoxin,  only  2  units  per  cubic  centimeter 
of  blood  are  found  in  the  circulation,  while  after  intra- 
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venous  injection  the  same  amount  of  blood  after  the 
same  length  of  time  contains  20  units.  Lemaire  ^^ 
found  by  means  of  the  precipitin  reaction  that  at  the 
end  of  two  hours  after  a  subcutaneous  injection  of 
antitoxin  there  was  only  a  trace  of  horse  serum  in  the 
circulation.  It  was  most  abundant  at  the  end  of 
twenty- four  hours.  Practically  the  same  results  were 
obtained  in  experiments  by  Pfeififer  and  Friedberger/* 
Bullock/^  and  Morgenroth  and  Levy.^^ 

Since  guinea-pigs  can  be  sensitized  with  extremely 
small  amounts  of  horse  serum,  it  was  thought  that  the 
anaphylaxis  reaction  would  be  admirably  suited  for 
study  of  the  rate  of  appearance  of  horse  serum  in  the 
circulation  after  subcutaneous  injection.  It  has  been 
the  method  of  choice  with  investigators  to  test  an 
unknown  substance  for  the  presence  of  a  suspected 
protein.  Accordingly,  in  order  to  use  the  method  for 
this  purpose,  a  series  of  dogs  was  injected  subcutane- 
ously  with  various  amounts  of  normal  horse  serum. 
At  intervals  after  the  injection,  samples  of  the  blood 
and  lymph  were  injected  into  guinea-pigs.  After  a 
period  of  incubation  these  animals  were  reinjected 
with  horse  serum  to  test  their  sensitization  by  this 
substance,  which  might  have  been  present  in  the  blood 
and  lymph  of  the  dogs.  However,  even  when  it  was 
more  than  probable  that  enough  horse  serum  had  been 
absorbed  into  the  circulation  of  the  dogs  to  produce 
sensitization  of  the  guinea-pigs,  negative  results  were 
always  obtained.  It  was  found  that  when  definite 
amounts  of  horse  serum  were  deliberately  added  to 
samples  of  dog  serum,  and  injected  into  guinea-pigs, 
sensitization  to  the  horse  serum  was  not  produced. 
As  much  as  0.1  c.c.  in  10  c.c.  of  dog  serum  would  not 
sensitize,  even  though  0.000001  c.c.^  of  horse  serum 
alone  will  produce  a  high  sensitization.  Not  only  will 
dog  serum  inhibit  sensitization  to  horse  serum,  but 
other  serums  (human,  cat,  beef)  will  do  likewise,  and 
these  serums  will  also  inhibit  sensitization  to  dog  serum 
if  the  proportions  are  reversed.  Further  experiments 
showed  that  not  only  serums  but  also  solutions  of  pure 
proteins    (eg^  albumin)    in   the  proper  amounts   will 
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inhibit  sensitization  to  another  protein.  The  analvsis 
of  these  phenomena  and  a  theory  for  their  explana- 
tion form  the  subject  matter  of  a  paper  previously 
published. ^^  In  it  is  sugg^ested  that  in  the  animal  body 
the  number  of  receptors  that  will  take  up  a  protein 
as  antigen  are  limited,  and  when  two  anti2:ens  are 
injected  in  very  unequal  proportions  the  antif^en  in  the 
largest  amount  will  saturate  most  of  the  recej)tors  to 
the  extinction  of  available  receptors  for  the  smaller 
amount.  Since  the  amount  of  antibody  production  is 
proportional  to  the  number  of  receptors  affected,  the 
effect  of  the  antigen  injected  in  the  smaller  amount  is 
almost  completely  obscured. 

While  the  anaphylaxis  reaction  was  proved  to  be 
worthless  for  demonstrating  the  presence  of  small 
amounts  of  horse  serum  or  other  protein  in  the  serum 
of  another  animal,  the  complement  fixation  reaction 
was  found  to  be  ideally  suited  for  the  purpose.  The 
presence  of  foreign  proteins  does  not  interfere  with 
it.  As  small  an  amount  as  0.0001  of  a  cubic  millimeter 
in  0.5  c.c.  of  dog  serum  can  be  plainly  detected. 

Having  shown  that  an  extremely  small  amount  of 
horse  serum  can  be  detected  when  added  to  dog  serum, 
it  was  sought  to  determine  whether  it  can  be  detected 
in  the  same  proportion  in  the  circulating  blood. 

A  dog  weighing  15.8  kg.  was  used.  According  to  the  method 
ot  Welcker,"  a  dog  of  this  weight  has  1.216  c.c.  of  hlood  {7.7 
per  cent,  of  body  weight).  A  1  :  5.000  solution  of  horse  serum 
was  made,  and  7.5  c.c.  of  this  was  injected  intravenously  into 
the  dog.  This  amount  of  horse  serum  gave  approximately  a 
concentration  of  1  :  1.000.000  in  the  dog's  blood,  .\tter  an  inter- 
val of  four  minutes  to  allow  for  thorough  mixing,  a  sample  of 
blood  was  withdrawn  from  a  leg  vein  of  the  dog.  The  serum 
was  tested  with  the  complement  fixation  test  for  horse  serum. 
Although  there  was  not  complete  inhibition  i^\  hemolysis,  a 
sufficient  inhibition  was  found  to  be  called  a  positive  reaction. 

A  dog  weighing  12  kg.  was  injected  with  5  c.c.  ^.^i  a  1  :  500 
solution  of  horse  serum  directly  into  the  blood  stream.  Thi>- 
amount  of  horse  serum  gave  api)roximatel>  a  1  :  10().()00  dilu- 
tion of  horse  serum  in  the  dog's  blood.  Tho  serum  trom  a 
sample  of  blood  withdrawn  four  minutes  after  injection  gave 
an  almost  complete  inhibition  of  hemolysis  when  tested  witli 
the  complement   fixation   test    for   horse   serum. 

The  relation  of  the  concentration  of  foreii,Mi  scrinn 
that  must  !)e  prcseiU  in  the  blood  of  an  animal,  in  order 
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that  it  can  be  detected  by  the  complement  fixation 
reaction,  to  the  concentration  that  must  be  present  to 
produce  anaphylactic  shock,  is  of  importance  in  this 
connection.  According  to  my  experiments,  complement 
fixation  detects  a  concentration  of  horse  serum  in  dog 
serum  of  from  1:100,000  up  to  1:1,000,000.  The 
minimum  fatal  intravenous  dose  of  horse  serum  for  a 
sensitized  guinea-pig  (from  0.00001  to  0.000001  c.c.) 
represents  a  concentration  of  from  1  :  200,000  up  to 
1  :  2,000,000,  or  approximately  the  same  concentration 
as  the  amount  detectable  by  complement  fixation. 

In  order  to  determine  the  normal  rate  of  absorption 
of  horse  serum  from  the  subcutaneous  tissues,  a  dog, 
after  the  removal  of  a  sample  of  normal  blood,  was 
injected  subcutaneously  with  10  c.c.  of  horse  serum 
and,  at  various  intervals  up  to  twenty-four  hours  after 
injection,  samples  of  blood  were  taken.  These  sam- 
ples, with  the  normal  sample,  were  tested  by  the  com- 
plement fixation  test  for  horse  serum.  The  results 
show  that  detectable  amounts  of  horse  serum  first 
appear  in  the  circulation  one  and  one-half  hours  after 
injection  and  are  present  for  the  entire  twenty-four 
hours.  This  result  confirms  those  obtained  by  investi- 
gators with  other  methods,  in  that  it  shows  that  horse 
serum  is  absorbed  from  the  subcutaneous  tissues  slowly 
and  that  it  does  not  appear  in  the  circulation  rapidly 
enough  to  account  for  the  acute  anaphylactic  deaths 
and  the  severe  reactions  which  occur  suddenly  in  men 
after  antitoxin  administration. 

The  reason  that  subcutaneous  absorption  is  slow  is 
probably  that  it  takes  place  through  the  lymphatics, 
where  the  movement  of  the  lymph  is  much  slower  than 
that  of  the  blood.  A  review  of  the  literature  on  the 
route  of  absorption  from  the  subcutaneous  tissues 
shows  conflicting  opinions  as  to  whether  it  is  lymphatic 
or  vascular.  All  the  experiments  described  were  made 
with  easily  dififusible  substances.  Because  of  the  con- 
fusion that  exists,  and  since  none  of  the  experimenters 
used  serum,  a  study  of  the  route  of  subcutaneous 
absorption  was  made  by  means  of  the  complement  fixa- 
tion test. 

A  dog  under  ether-morphin  anesthesia  was  injected  subcu- 
taneously with  horse  serum.  Samples  of  lymph  taken  from  a 
cannula  in  the  thoracic  duct  (the  duct  being  excluded  from 
connection  with  the  vein),  and  of  blood  from  a  leg  vein  taken 
at  various  intervals  after  injection,  were  tested  with  the  com- 


plement  fixation  test,  horse  scrum  being  used  as  antigen.  It 
was  found  that  the  first  trace  of  horse  serum  appeared  in  the 
lymph  forty  minutes  after  the  injection,  and  in  the  blood  three 
and  one-half  hours  after  injection. 

The  experiment  indicates  that  the  main  route  of 
absorption  is  by  the  lymphatics,  but  that  probably  some 
absorption  takes  place  through  the  blood  vessels.  1  low- 
ever,  it  may  be  that  the  presence  of  horse  serum  in  the 
blood  can  be  explained  by  some  connection  between 
the  lymphatics  and  the  blood  vessels  other  than  at  the 
mouth  of  the  thoracic  duct. 

There  must  be,  then,  factors  other  than  extreme  sensi- 
tization to  explain  the  occurrence  of  sudden  death  and 
immediate  severe  reactions  after  subcutaneous  injec- 
tions in  man,  because,  even  if  extreme  sensitiza- 
tion existed,  the  absorption  from  the  subcutaneous 
tissues  is  not  rapid  enough  to  meet  the  require- 
ments for  a  fatal .  or  a  severe  reaction.  Whatever 
these  factors  are,  they  must  operate  to  produce 
the  rapid  appearance  of  the  horse  serum  in  the  circula- 
tion. It  is  a  common  practice  among  i)hysicians  to 
massage  the  w^heal  produced  by  serum  injections  in 
order  to  promote  absorption.  It  is  possible  that  this 
procedure  forces  the  serum  from  the  subcutaneous 
spaces  into  the  lymphatics,  and  therefore  it  reaches  the 
circulation  much  sooner  than  by  the  usual  process  of 
absorption.  In  order  to  test  this  ])ossibility,  a  series 
of  guinea-pigs  was  sensitized  by  an  intraperitoneal 
injection  of  horse  serum;  after  a  period  of  incubation 
they  received  various  doses  of  horse  serum  subcutane- 
ously,  and  the  effect  of  massaging  the  site  of  injection 
was  observed.  The  results*  are  seen  in  the  accom- 
panying table. 

It  is  shown  that  a  dose  of  horse  serinn  which  is  not 
li^rge  enough  to  kill  a  sensitized  guinea-])ig  when 
injected  subcutaneously  will  kill  (|uickly  when  the  site  of 
injection  is  vigorously  massaged.  The  only  feasible 
exi)lanation  of  this  fact  is  that  the  massage  forces  the 
seriuu  into  the  circulation  through  the  lymi>hatics. 
Another  exj^eriment  designed  to  tot  the  same  idea  is 
as  follows : 

A  dog  under  anestlusia  was  pre  j)arcd  so  as  to  obtain  samples 
of  lymph  from  the  thoracic  duct  and  <>t  l>l«>od  from  a  leg  vein. 
Horse  serum  (10  c.c. )  was  injecle<l  subcutaneously  on  the 
abdomen,  and  the  site  of  injection  was  immediately  massaged 
vigorously.     A   sami)U'  of  blood  and   lymph   was  taken   immc- 
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diately  and  at  intervals  of  five  minutes  thereafter.  There  was 
a  positive  test  for  horse  serum  in  the  sample  of  lymph  collected 
during  the  interval  fifteen  or  twenty  minutes  after  injection, 
and  in  the  blood  two  hours  after  injection. 

When  compared  with  a  similar  experiment  without 
massage  described  above,  this  experiment  indicates  that 
massage  hurries  the  appearance  of  the  horse  serum  in 
the  circulation. 

A  further  proof  that  substances  can  be  forced  into 
the  lymphatics  is  the  method  which  anatomists  use  in 
injecting  the  lymphatics  of  the  subcutaneous  tissues. 

EFFECT    ON    THE    PRODUCTION    OF    ANAPHYLACTIC    SYMP- 
TOMS   IN    SENSITIZED    GUINEA-PIGS    OF    MASSAGE 
OF   THE    SITE    OF    INJECTION    OF    THE 
SECOND    DOSE    OF    ANTIGEN 


Results 

Showed    slight    symptoms;    re- 
covered 

Showed    slight    symptoms;    re- 
covered 

Showed   definite  symptoms;   re- 
covered 

Showed  very  severe  symptoms; 
recovered 

Showed  definite  symptoms;   re- 
covered  next  morning 

Showed   very  acute   symptom?; 
recovered    in    one   hour 

Showed       symptoms       immedi- 
ately;   dead    next    morning 

Dead    in    five    minutes 

Showed     acute     symptoms     im- 
mediately.     Respiratory    con- 
vulsions;      recovered       next 
morning 
10  0.1  20*    .  Dead    in    forty-five   minutes 

*  Massaged. 

A  heavy  substance  like  mercury  is  forced  under  the 
skin  under  high  pressure.  When  sections  are  made 
of  such  an  area,  the  lymphatics  are  found  clearly  out- 
lined, owing  to  the  presence  of  the  easily  stained  mer- 
cury which  was  forced  through  the  tissues  along  the 
lymphatics.  An  experiment  designed  to  imitate  this 
experiment  of  the  anatomists  was  carried  out  as 
follows : 

A  large  dog  was  anesthetized  and  prepared  as  in  the  pre- 
ceding  experiment   so   that   samples   of   thoracic   lymph    and 
blood  could  be  obtained  at  various  intervals.     About  200  c.c. 
of  horse  serum  was  forced  from  a  pressure  bottle,  by  means 
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of  compressed  air.  into  the  subcutaneous  tissues  of  the  abdo- 
men. Such  an  injection  produced  a  large  board-hard  hnnp 
about  the  size  of  an  ordinary  orange.  The  samples  of  blood 
and  lymph  were  tested  for  horse  serum  by  the  complement 
fixation  test.  The  sami)le  of  lymph  ()])tained  the  first  five 
minutes  after  injection  gave  a  complete  inhibition  of  hemolysis. 
The  serum  of  the  blood  taken  forty  minutes  after  the  injection 
showed  the  first  traces  of  horse  serum. 

The  effect  of  the  extremely  hii^h  i:)ressure  is  clearly 
shown  in  the  imme(Hate  appearance  of  horse  serum  in 
the  lymph  and  its  early  appearance  in  the  blood. 

Although  certain  procedures  can  hasten  the  a])pear- 
ance  of  horse  serum  injected  siibcutaneously  into  the 
circulation,  it  is  certain  that  in  most  cases  they  are  not 
practiced.  The  usual  history  in  fatal  cases  is  that  symp- 
toms appear  just  after  injection  is  made,  usually  before 
there  is  an  opportunity  for  manipulation.  It  is  very 
probable  that  in  these  unfortunate  cases  the  injections 
are  accidentally  made  into  the  blood  stream.  The 
subcutaneous  tissues  contain  numerous  blood  vessels 
of  good  size,  and  it  is  quite  possible  for  the  point  of 
the  hy])odermic  needle  to  enter  one  of  these  vessels, 
emptying  the  contents  of  the  syringe  into  the  circula- 
tion. In  order  to  produce  death  only  a  small  amount 
need  be  injected  into  the  circulation  of  a  highly  sensi- 
tized individual.  Boughton  ^"^  re])orts  a  fatal  reaction 
following  immediately  after  intravenous  injection  of 
1  minim  of  horse  serum  into  a  man  with  horse  asthma. 
The  possibility  of  an  accidental  intravenous  injection 
is  made  more  ])robable  by  the  ex])eriences  obtained 
after  the  subcutaneous  injection  of  oils  and  fats.  h\'it 
embolism  has  occurred  after  such  injections,  and  any 
possible  cause  of  the  fat  embolism,  other  than  acci- 
dental intravenous  injection,  ai)])arently  can  l)e  ruled 
out.  Moeller  ''*  re])()rts  fat  embolism  occmring  forly- 
three  times  in  M5  ])atients  injected  subciitaneously 
with  oily  substances  3,S3.^  times.  I''J)slein  -"  found  fat 
embolism  seven  times  in  ^^OS  ])atients  injected  >>.2^)2 
times.  Febriger -^  reports  a  case  in  which  death  fol- 
lowed subcutaneous  injections  of  olixc  oil  tor  nourish- 
ment made  necessary  because  ot  a  stricture  ot  the 
esophagus.      <  )n    the    twentieth    day    of    injeciion    the 

18.  B..iiKliton.  T.  II  :  .Xiiailiyl.u  ;i.  Dcil.  h.  .\Mlnn.,ti,  >..  \  A.  M  A 
73:  I'ni  (Dec.  27)    ]<>]'>. 

19.  Morllcr   Arcli.    f.    Dcnn.il.    n     Svpli     .'IT:   J'n.    ]S"t, 

20.  Khstriii:     .\1Ik.    hk.I.    (  c  ntT;.ll.l  .    I.v"7.    |.      1'' 

Jl.    Krhrik'rr.   >^u^,^i■.\    ],y    1 1,  HJinK^f.  1.1 :     I.uu.fCh.n,     SOr.T^.    I'^o.r 
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patient  coughed  violently  while  the  injection  was  being 
made,  became  cyanotic,  suddenly  collapsed,  and  became 
unconscious.  In  three  hours  he  developed  hemiplegia. 
The  postmortem  examination  revealed  fat  emboli  dis- 
tributed all  over  the  body.  Heidingsfeld  -"-  emphasizes 
the  fact  that  fat  embolism  occurs  very*  often  from 
paraffin  prosthesis  and  from  injections  of  mercury  in 
oily  menstruums. 

The  probability  of  accidental  intravenous  injections 
as  the  cause  of  sudden  death  emphasizes  the  need  of 
care  to  ascertain  whether  a  blood  vessel  is  injured  by 
the  needle  before  a  subcutaneous  injection  is  made. 
Before  the  injection  begins,  an  aspiration  of  the  sub- 
cutaneous tissues  should  be  made  in  order  to  see 
whether  blood  can  be  pulled  into  the  syringe. 

CONCLUSIONS 

The  complement  fixation  test  can  be  used  to  detect 
extremely  small  amounts  of  one  serum  in  the  presence 
of  larger  amounts  of  another. 

The  absorption  of  serum  from  the  subcutaneous 
tissues  is  very  slow. 

The  main  route  of  absorption  from  the  subcutaneous 
tissues  is  through  the  lymphatics. 

The  rate  of  absorption  of  horse  serum  injected  sub- 
cutaneously  is  apparently  too  slow  to  explain  the  cases 
of  sudden  anaphylactic  death  which  have  occasionally 
followed  the  administration  of  antitoxic  serums  in  man. 

Certain  procedures,  such  as  massage  of  the  site  of 
injection,  and  the  injecting  of  large  volumes  under 
high  pressure,  can  hasten  the  appearance  in  the  circula- 
tion of  horse  serum  injected  subcutaneously. 

Because  of  the  suddenness  with  which  it  appears, 
and  because  of  the  analogy  to  the  occurrence  of  fat 
emboli  after  the  subcutaneous  injection  of  oily  sub- 
stances, acute  anaphylactic  death  in  man  following 
subcutaneous  injections  of  horse  serum  is  probably 
due  to  an  accidental  intravenous  injection  of  the  serum. 

The  need  of  care  to  exclude  as  far  as  possible  the 
injury  of  a  subcutaneous  blood  vessel  during  sub- 
cutaneous injection  of  horse  serum  is  indicated. 

22.  Heidingsfeld:    J.  Cutan.   Dis.  24:513.    1906. 
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Concretions  of  varyincr  api)carance.  density  and  stnicture  are  often 
found  in  the  human  ajipenchx,  both  with  and  without  inHaminatory 
changes  in  the  organ  itself.  Owen  T.  W'ilhams  '  has  made  a  particular 
study  of  these,  calling  attention  to  the  fact  that  the  ai)pendix  seldom 
contains  fecal  material,  and  that  the  usual  ai)pendiccal  stones  are  not 
fecal  concretions  but  concentrically  laminated  concretions,  often  larger 
than  the  lumen  of  the  appendix  between  the  stone  and  the  cecum,  and 
therefore  i)resuiuably  formed  by  secretion  from  the  wall  of  the  api)endix. 
According  to  him,  the  typical  appendix  concretion  is  almost  white, 
with  a  siuooth  cut  surface  reseiubling  soap,  whereas  fecal  concretions 
are  pigmented  and  have  a  greasy  apjx'arance.  Like  the  intestinal  sand, 
they  contain  fats  soluble  in  ether  and  soai)s  insoluble  in  ether.  He 
analyzed  three  aj)i)endix  concretions,  and  found  material  soluble  in  ether 
to  the  amount  of  14.97,  16.2  and  7.1  per  cent.,  resi)ectively.  The  fatty 
acids  of  soaps  insoluble  in  ether  amounted  to  15.6,  2.1  and  1.2  per  cent., 
and  the  amount  of  calcium  was  3 J,  3.6,  and  3.2  per  cent.  He  asserts 
that  the  calcium  exists  as  soaps,  but  presents  no  chemical  evidence  to 
establish  this  opinion. 

Bertha  Anthony  -  reported  the  microscopic  study  of  a  large  number 
of  normal  and  diseased  ai)])endixes,  and  found  material  staining  pink 
with  .scarlet  R,  sometimes  associated  with  material  staining  black  with 
silver  nitrate,  which  she  also  interprets  as  ])roving  the  ])rcsence  of 
calcium  soaps.  As  one  of  us'*  has  pointed  out.  however,  silver  nitrate 
does  not  stain  calcium,  but  indicates  t!ie  ])resence  of  ])ho.sphates  i^v 
chlorids.  If  a  calcium-containing  material  stains  with  silver  nitrate 
it  usually  means  the  presence  of  calcium  phosphate,  and  not  the  presence 
of  calcium  soa])S.  Therefore,  the  work  of  Williams  and  Anihony 
furnishes  no  evidence  that  calcium  soaps  are  foiined  in  the  wall  of  the 
api)endix,  or  that  such  soaps  are  excreted  into  the  lumen  of  the  ap|)en(lix 
to   form  concretions.      .\'e\ crlhelos,   it   is  liii^hly   ])robable  that   calcium 
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soaps  are  present  in  the  appendix,  since  fats  as  well  as  fat-splitting 
enzymes  are  present  in  the  howel,  and  calcium  is  excreted  largely  by 
way  of  the  intestinal  mucosa. 

ANALYSES     IN     THE     LITERATURE 

We  have  found  but  two  other  analyses  of  appendiceal  concretions 
in  the  literature. 

Roeser  *  examined  a  concretion  weighing  0.56  gm.  which  had  perfor- 
ated the  wall  of  the  appendix  and  was  found  free  in  the  peritoneal 
cavity.  It  contained  77.2  per  cent,  of  inorganic  matter  and  11.4  per 
cent,  fatty  substance,  which  were  not  further  examined,  quantitatively. 
Cholesterol,  bile  pigments  and  bile  acids  were  missing,  the  fatty  sub- 
stance was  chiefly  palmitin,  and  the  inorganic  matter  consisted  almost 
entirely  of  magnesium  ammonium  phosphate,  calcium  phosphate  and 
calcium  carbonate. 

Harley  °  analyzed  a  friable  concretion,  weighing  1.2  gm.,  found  in 
an  appendix  at  an  operation  for  appendicitis.  Preliminary  examination 
showed  organic  debris,  mostly  sclerous  vegetable  structures,  a  few 
granules  of  silicates,  occasional  trichocephalus  ova,  and  the  absence  of 
bile  pigment,  cholesterol,  bile  acids  or  uric  acid.  Quantitative  analysis 
of  the  air  dried  concretion  showed  13.16  per  cent,  water,  64.61  per 
cent,  ash,  and  22.23  per  cent,  organic  matter  and  material  volatilized  in 
ashing.  The  ash  was  calculated  to  contain,  in  per  cent,  of  the  dry 
matter,  magnesium  ammonium  phosphate,  4.78,  calcium  phosphate, 
63.61,  calcium  carbonate,  7.54  per  cent.;  iron  and  silica,  traces.  In  the 
organic  material  was  6.3  per  cent,  fatty  acids.  No  attempt  was  made  to 
determine  whether  any  of  the  fatty  acids  were  combined  as  calcium 
soaps.  Evidently  this  concretion  was  similar  in  composition  to  ordinary 
calcification  deposits  in  necrotic  tissues,  such  as  have  been  described  in 
and  about  the  appendix,**  and  probably  represents  the  calcification  of  a 
healed  appendiceal  abscess,  since  the  stone  is  said  to  have  been  found 
"au  milieu  d'adherences,"  and  is  not  at  all  similar  to  the  true  appendiceal 
stones,  which  Williams  found  to  contain  but  little  calcium. 

authors'     TESTS 

Dr.  E.  R.  LeCount  has  kindly  placed  at  our  disposal  for  analysis  a 
collection  of  appendiceal  concretions  found  in  appendixes  removed 
at  operation,  at  St.  Luke's  Hospital,  Chicago,  and  collected  during 
the  routine  examination  of  these  appendixes  in  the  laboratory.  The 
stones  were  received  preserved  in  a  very  little  weak  alcohol,  in  three 


4.  Roeser:  J.  de  pharm,  et  de  chim,  4:251,  1896. 

5.  Harley:     J.  de  pharm.  et  de  chim.  2:433.  1910. 

6.  Rowan  and  Wells:  Surg.,  Gynec.  &  Obst.,  Oct.,  1906,  p.  503. 


separate  lots,  of  from  five  to  ten  stones  each ;  and,  to  secure  information 
as  to  the  average  composition  of  fecal  concretions,  the  stones  in  each 
of  the  three  lots  were  analyzed  together.  The  masses  were  generally 
5  to  10  mm.  in  diameter,  and  for  the  most  j^art  dark  brown,  only  two 
stones  (in  (iroup  2)  being  made  up  of  concentric  layers  of  a  white 
soapy  substance.  like  the  concretions  analyzed  by  Williams.  When  dried 
to  a  constant  weight  at  100  C,  the  three  collections  weighed  (1) 
4.1413  gm.,  (2)  3.0049  gm.,  (3)  S.5S^42  gm. 

The  material  of  each  lot  after  pulverizing  was  extracted  by  shaking 
with  150  c.c.  of  cold  water,  and  the  fatty  acids  of  the  water-soluble 
soaps  liberated  from  these  water  extracts  by  acid,  were  determined. 

TABLE    1. — Fatty   Anns    of    Water-Soluble    Soaps    Present   in    CoLLEniox 
OF    Appendiceal    Concretions 


Groups  1  2  3 

Per  cent.  Per  cent.  Per  cent. 

Fatty  acids    (gm) 0.0090        0.(X)79        0.0098 

Dry  weight  (per  cent.)    0.21  0.20  0.17 


A  small  amount  of  calcium  and  magnesium  were  dissolved  in  water. 
The  percentages  of  dry  weight  of  these  water-soluble  constituents  are 
presented  in  Table  2. 

TABLE  2. — Water-Soluble  Calcium  and  Mac.xesutm  Present  in  Appendiceal 

Concretions 


Groups  12  3 

Per  cent.  Per  cent.  Per  cent. 

Calcium    0.021  0.07  O.(LY) 

Magnesium    traces  •     


The  residue  from  the  water  extraction,  after  drying,  was  extracted 
with  absolute  ether  in  a  Soxhlet  extractor.  The  extracts  thus  obtained 
amounted  in  per  cent,  of  total  dry  weight  to  20.02  per  cent,  in  (irouj) 
1  ;  17.87  per  cent,  in  (Iroiij)  2;  13.83  per  cent,  in  (irouj)  3. 

The  ether  extracts  were  then  extracted  with  hot  acetone.  The 
acetone  .soluble  j)ortions  contained  cholesterol,  koprosterol.  coloring 
matter  and  presumably  other  lipins  in  small  amounts.  I'he  cholesterol 
was  recrystallized  from  90  ])er  cent,  hot  alcohol.  It  gave  the  ."^alkowski 
and  IVttenkofer  reactions,  and  wa>  determined  (|uantitalivelv  bv  the 
digitonin  method.  Tlu'  koprosterol  was  crystalli/ed  t'rom  8.^-'K)  per 
cent,  alcohol  and  .showed  the  slow  (le\elopmeiit  of  the  orange-red  color 
on  addition  of  chloroform  and  sidphuric  acid  which  (HlVerentiates 
koj)rosteroI  from  cholesterol  (  Abderhaldcn  ).  The  values  obtained 
in  percentage  of  total  dry  weight  are  presented  in    Table  3. 


The  acetone-insoluble  portions  were  treated  with  cold  ether,  which 
removed  the  color  almost  completely  and  probably  some  lecithin,  since 
it  gave  Pettenkofer's  reaction  (sulphuric  acid  and  sugar).  The  residue 
from  the  cold  ether  was  dissolved  entirely  in  hot  amyl  alcohol,  which 
dissolves  calcium  soaps  '  as  well  as  sodium,  ammonium  and  potassium 
soaps.  Soaps  were  salted  out  of  the  water  emulsions  of  these  extracts 
and  the  melting  points  of  their  fatty  acids  determined.  Table  4  shows 
the  amounts  of  soaps  present,  calculated  in  percentages  of  dry  weight, 
and  the  percentage  amounts  of  calcium  found. 

Evidently,  then,  very  little  of  the  soap  present  in  this  fraction  could 
have  been  calcium  soaps.  The  soaps  were  saponified  and  the  free  acids 
extracted  with  ether.  These  fatty  acids  had  the  following  melting 
points:  (Iroup  1,  49  C. ;  Group  2,  52  C. ;  Group  3,  57  C.,  indicating 
that  they  are  chiefly  mixtures  of  stearic  and  palmitic  acids  with  some 
impurities. 

TABLE  3. — Cholesterol,  Koprosterol  and  Lipins  in  Appendiceal  Concretions 


Groups  12  3 

Per  cent.  Per  cent.  Per  cent. 

Cholesterol    1.6  1.7  0.87 

Koprosterol  9.6  14.6  9.1 

Lipins  (by  difference)   0.19  0.22  0.13 


TABLE  4. — Soaps  Present  in  Appendiceal  Concretions 

Groups                                               12  3 

Per  cent.  Per  cent.  Per  cent. 

Amyl  alcohol  soluble  soaps 7.8               0.34  5.3 

Calcium    0.016           0.03  0.001 


The  residue  from  the  first  ether  extraction  was  extraced  with  boiling 
amyl  alcohol  and  the  extracts  analyzed  for  calcium  and  magnesium.  The 
figures  presented  in  Table  5  give  the  percentages  of  calcium  and 
magnesium  of  the  total  dry  weight  soluble  in  amyl  alcohol. 

The  calcium  soaps,  calculated  as  calcium  stearate  from  these  calcium 
values,  would  amount  to  these  percentages  of  the  original  dry  material : 
Group  1,1.1  per  cent. ;  Group  2,  8.9  per  cent. ;  Group  3,  2.56  per  cent. 

The  percentages  of  original  materials  extracted  with  hot  amyl 
alcohol  were:  Group  1,  38  per  cent. ;  Group  2,  21.9  per  cent. ;  Group  3, 
38.8  per  cent. 

The  residue  from  the  first  ether  extraction  was  extracted  with  boiling 
1  per  cent,  nitric  acid,  and  the  determinations  presented  in  Table  6 
made.    Results  are  given  in  percentage  of  original  dry  concretion. 


7.  Wells,  H.  Gideon:  J.  M.  Res.  1906,  14:359,  1906. 


7 

TABLE    5. — Cmcium    .^xis    M.ncni.sium     Soluhi.i.    in     A.mvi.    Alcohol 


Groups  12  3 

Per  cent.  Per  cent.  Per  cent. 

Calcium    0.22  1.26  0.36 

Magnesium    0  005  O.CX)6  0.007 


TABLE  6. — Inorg.\xic  Constituents 


Groups  1  2  3 

Per  cent.  Per  cent.  Per  cent. 

Carbon   dioxid    0.84 

Calcium    6.3 

Magnesium    0.83 

Phosphorus    3  6 

.■\mmonium    0.4 

Ferric   iron    0.08 


These  elements  may  have  been  combined  as  shown  in  Table  7,  in 
per  cent,  of  original  materials. 


0.85 

0.51 

13.7 

5.01 

1.6 

1  19 

7.51 

3.17 

0.35 

0.38 

0.2 

0.11 

TABLE  7 


Groups                                                 1  2               3 

Per  cent.  Per  cent.  Per  cent. 

Calcium  phosphate 13.02  27.17            1 11 

Magnesium   ammonium    phosphate 4.73  ^.18            6.82 

Calcium   carbonate    101  2.05             1.18 

Calcium — excess  as  sulphate  or  other  salts 4.6  2.4              2.7 


TABLE  8. — Rksults  of  Chkmical  An.xlvsis  of  Aithndix  Conckktions* 


Groups                                                1  2  3 

Per  cert.  Percent.  Percent. 

Inorganic   material    24.  41.  18. 

Calcium  phosphate    13.02  27.17  111 

Calcium   carbonate    ..-• !.<>!  2.05  1.18 

Magnesium   ammonium    phosphate    4.73  *M8  6.82 

Calcium    (undetcrmincf!)    4.f)  2.4  11 

Ferric   iron    0.08  0.2  0.1 1 

Fatty  acifls  liberated   from  water-soluble  soaps 0.21  0.20  0.17 

Total    substances    soluble    in    fat    soheiits S>^.1^  1\^^S)1  54  80 

Substances  soluble  in  ether 20.(L'  17.87  15.83 

Cholesterol     1 .6  1.7  0.87 

Koprostcrol   0/,  1 4.6  0. 1 

Soaps  soluble  in  both  ether  and  amvl  alcoh.il 1  )>  0.34  "^^ 

Other   lipins 0  1')  0.22  0.13 

Substances  soluble   in  annl   alcohol  and   insoluble  in 

ether,   probably   soap.s    38.  21 .0  38.8 

Calcium   soaps   calcidated    as   calcium    siearatc 1.1  8,0  2.56 

Organic  residue  ( not  analv/ed  )    17.  20.  26. 


Figures  represent  percentages  of  the  original  dried  material. 
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The  percentage  of  total  calcium  found  in  all  forms  was:  Group  1, 
6.55  per  cent. ;  Group  2,  15.06  per  cent. ;  Group  3,  5.37  per  cent. 

SUMMARY 

The  composition  of  three  collections  of  concretions  found  in  human 
appendixes  was  found  to  vary  somewhat,  but  in  general  there  was  a 
similarity  in  the  makeup  of  each  lot  of  concretions  (Table  8).  They 
contain  about  half  their  weight  soluble  in  fat  solvents,  this  material 
being  chiefly  soaps,  but  with  considerable  koprosterol  and  a  little 
cholesterol.  Of  the  soaps  but  a  very  small  proportion  seems  to  have 
been  calcium  soaps.  About  one  fourth  of  the  total  weight  was  composed 
of  inorganic  material,  chiefly  calcium  phosphate.  About  one  fifth  of 
the  material  was  organic  residue,  mostly  vegetable  fiber,  indicating  that 
some  part  of  the  appendiceal  concretions,  at  least,  comes  from  the  cecum. 
Probably  the  rest  of  the  concretions  is  deposited  from  the  walls  of  the 
appendix,  since  the  bowel  secretions  are  known  to  contain  much  fatty 
material  and  calcium. 

We  wish  to  express  our  indebtedness  to  Dr.  E.  R.  LeCount  for  the  opportunity 
to  make  this  study,  through  his  generous  gift  of  the  necessary  materials. 
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INTRODUCTION. 

In  a  series  of  papers  published  in  1919'  we  coniniunicated  a 
method  for  the  microchemical  colorimetric  estimation  of  imid- 
azole derivatives  and  for  the  quantitative  separation  of  histamine 
from  histidine.  These  nietliods  enabled  us  to  study  the  metab- 
olism   of    histidine     under     various     conditions.      JOxperiments 

»  Koessler,  K.  K.,  and  Ilanke,  M.  T.,  ./.  Biol.  Chew.,  1919,  xxxix,  497, 
521,  539. 
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with  a  colon  bacillus,  isolated  from  a  case  of  cystitis,  gave  results 
that  led  us  to  the  following  conclusions: 

1.  When  the  colon  bacillus  is  allowed  to  metabolize  histidine,  either 
alone  or  in  the  presence  of  nitrates  or  ammonium  salts,  histamine  is  not 
formed. 

2.  In  a  medium  containing  histidine  and  glycerol,  but  no  nitrates  or 
ammonium  salts,  histamine  is  not  formed.  In  this  case  imidazole  propi- 
onic acid  appears  to  be  formed;  but  only  when  the  bacillus  is  forced  to 
grow  anaerobically. 

3.  In  a  medium  containing  histidine,  glycerol,  or  glucose  and  a  source 
of  nitrogen,  either  KNO3,  NH4CI,  or  both,  about  50  per  cent  of  the  histidine 
is  converted  into  histamine  in  the  course  of  2  weeks  when  oxygen  is  present. 
In  the  absence  of  atmospheric  oxygen,  this  and  all  the  other  metabolic  ac- 
tivities of  the  bacillus  are  greatly  reduced,  probably  because  the  colon 
bacillus  is  an  aerobic  organism  by  preference. 

4.  The  production  of  histamine  is  always  coincident  with  the  production 
of  a  medium  that  is  distinctly  acid.  We  believe  that  the  histamine  is 
formed  by  the  bacillus  to  neutralize  the  excess  of  acidity  that  is  simul- 
taneously produced  from  the  glycerol. 

5.  Contrary  to  the  statement  sometimes  given  in  text-books  and  in  the 
literature  that  carbohydrates  prevent  the  formation  of  histamine  from 
histidine,  we  have  found  that  histamine  is  never  formed  except  in  the 
presence  of  an  easily  available  source  of  carbon  such  as  glycerol  or  glucose. 

Having  established  the  above  facts  for  one  particular  colon 
bacillus,  we  were  then  led  to  a  consideration  of  the  following 
queries: 

1.  Are  all  strains  of  colon  bacilli  capable  of  decarboxylating 
histidine  in  our  standard  medium? 

2.  Are  other  organisms  capable  of  converting  histidine  into 
histamine  under  identical  conditions? 

3.  How  does  the  addition  of  amino-acids  or  peptones  to  our 
standard  medium  containing  histidine,  influence  the  production 
of  histamine? 

Procedure} 

In  every  case  the  same  number  of  microorganisms — nine 
billion' — was  introduced  into  200  cc.  of  an  autoclaved  medium 

'  For  a  detailed  description  of  the  method  see  Koessler,  K.  K.,  and 
Hanke,  M.  T.,  J.  Biol.  Chem.,  1919,  xxxix,  539-555. 

*  The  method  employed  in  counting  the  organisms  was  that  of  Breed 
and  Brew  (Breed,  R.  S.,  and  Brew,  J.  D.,  New  York  Agric.  Exp.  Station, 
Techn.Bull.49,\9lQ). 
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having  the  following  composition:  0.2000  gm.  histidine  dichloride, 
0.2000  gm.  ammonium  chloride,  0.1000  gm.  potassium  nitrate, 
0.4000  gm.  potassium  dihydrogen  phosphate,  0.800  gm.  sodium 
chloride,  0.0200  gm.  sodium  sulfate  (anhj^drous),  0.4000  gm. 
sodium  bicarbonate,  0.0100  gm.  calcium  chloride  (anhydrous), 
and  4.00  cc.  glycerol  dissolved  in  sufficient  distilled  water  to 
give  a  final  volume  of  200  cc. 

The  inoculated  flasks  were  then  incubated  at  37°  for  14  days, 
unless  otherwise  specified,  after  which  the  mixture  was  forced 
through  a  Berkefeld  filter.  The  hydrogen  ion  concentration  of 
the  filtrate  was  determined  colorimetrically  (see  below  for  de- 
tails). The  filter  was  then  carefully  washed  with  at  least  200  cc. 
of  water.  Concentrated  sulfuric  acid  (1.0  cc.)  was  added  to  the 
combined  filtrate  which  was  then  freed  from  water  by  evapora- 
tion in  a  glass  dish  on  the  water  bath.  The  syrupy  residue  was 
transferred,  with  distilled  water,  to  a  25  cc.  precision  cylinder  and 
diluted  to  exactly  25  cc.  Of  this  test  liquid  10  cc.  were  trans- 
ferred to  a  35  cc.  glass-stoppered  bottle,  treated  with  3  gm.  of 
solid  sodium  hydroxide,  and  extracted  six  times  with  amyl  alco- 
hol using  20  cc.  for  each  extraction.  This  divides  the  material 
into  two  fractions,  the  amyl  alcohol  extract,  which  may  contain 
histamine  and  methyl  imidazole  and  which  we  refer  to  as  the 
histamine  fraction,  and  the  alkaline  aqueous  liquid  which  con- 
tains histidine  and  may  contain  imidazole  acetic,  propionic, 
lactic,  and  acrylic  acids. 

The  combined  amyl  alcohol  extracts  were  extracted  \vith  normal 
sulfuric  acid,  which  removes  the  imidazoles.  The  acid  extracts 
were  nearly  neutralized  with  5  n  NaOH  and  the  resulting  liquid 
was  diluted  to  exactly  100  cc.  The  amount  of  histamine  pres- 
ent was  then  determined  colorimetrically  by  means  of  the  well 
known  reaction  that  occurs  between  7;-phenyldiazonium  sul- 
fonate and  imidazole  derivatives  in  a  solution  rendered  alkaline 
with  sodium  carbonate.^  When  the  presence  of  liistaminc  was 
indicated  by  the  colorimetric  determination,  an  amino  nitrogen 
determination  was  also  carried  out  on  this  fraction.  The  values 
obtained  by  these  methods  check  closely  when  histidine  is  the 
only  amino-acid  present  in  the  original  medium.  In  other  cases 
the  amino  nitrogen  values  are  invaria])ly  high.  To  be  certain 
that  histamine  was  the  only  imidazole  present,  a  methyl  imidazole 
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determination  was  also  carried  out.  We  have  never  encountered 
methyl  imidazole  as  a  product  of  the  bacterial  decomposition  of 
histidine;  The  presence  of  histamine  was,  moreover,  qualita- 
tively verified  by  means  of  physiological  methods. 

The  histidine  fraction  was  transferred  to  a  25  cc.  graduated 
precision  cylinder  with  water  and  7  cc.  of  37  per  cent  HCl.  The 
cooled  acid  liquid  was  then  diluted  to  25  cc.  Portions  of  this 
liquid  were  than  tested  for  histidine,  colorimetrically  and  by 
means  of  a  Van  Slyke  amino  nitrogen  determination.  When  the 
values  obtained  check  closely,  histidine  is  probably  the  only 
imidazole  present.  If  the  color  obtained  is  too  red,  and  the 
colorimetric  determination  indicates  the  presence  of  considerably 
more  imidazole  than  can  be  accounted  for  as  histidine  by  the 
amino  nitrogen  method,  the  excess  color  is  probably  due  to  im- 
idazole acetic,  propionic,  lactic,  or  acrylic  acids.  Which  of  these 
acids  is  present  cannot  be  determined  without  an  isolation  ex- 
periment. We  have  made  no  effort  to  isolate  these  acids  but 
have  calculated  the  excess  imidazole  value  as  imidazole  propionic 
acid.  When  the  amino  nitrogen  determination  indicates  the 
presence  of  considerably  more  histidine  than  can  be  accounted 
for  colorimetrically,   we  are  confronted   with  two  possibilities: 

1.  Some  of  the  introduced  ammonia  may  have  been  converted 
into  a  carboxylated,  alkali-stable,  primary  amino  compound — 
possibly  an  amino-acid — which  would  give  off  nitrogen  with  nitrous 
acid;  or 

2.  Some  of  the  histidine  may  have  suffered  a  rupture  of  the 
imidazole  ring  with  the  liberation  of  free  amino  groups. 

Up  to  the  present  time  we  have  brought  no  absolute  proof 
that  either  of  these  is  the  correct  explanation  for  the  facts.  At 
present  we  are  inclined  to  believe  that  the  second  of  these  possi- 
bilities is  the  most  probable  and  our  reason  for  this  belief  is  out- 
lined in  the  following  pages. 

Determination  of  the  Hydrogen  Ion  Concentration. 

In  our  earlier  work  we  employed  the  set  of  standard  phenol- 
sulfonephthalein  tubes  furnished  by  Hynson,  Westcott  and  Dun- 
ning to  determine  the  pH  of  our  media  after  incubation.  This 
set  is  inadequate  for  work  of  this  kind  because  it  is  useful  only 
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within  the  narrow  Hmits  of  pH  6.6  to  8.6.  Most  of  our  final 
media  were  too  strongly  acid  to  fall  within  the  range  of  this  in- 
dicator. We  have,  therefore,  prepared  a  series  of  standard  tubes 
with  a  lower  pH  value  of  1.2  by  following  the  method  of  Clark 
and  Lubs.'*  The  indicators  selected  were  phenol  red,  range  8.6 
to  6.6;  brom-cresol  purple,  range  6.8  to  5.2;  methyl  red,  range 
6.0  to  4.4;  broin-phenol  blue,  range  4.6  to  3.0;  and  thymol  blue, 
range  2.8  to  1.2. 

We  have  found  that  the  buffer  solutions  containing  the  sul- 
fonephthalein  derivatives  can  be  kept  for  at  least  2  years,  and 
hence  probably  indefinitely,  in  a  sealed  Pyrex  glass  tube  after 
preservation  with  thymol.  It  is  possible,  therefore,  to  prepare  a 
permanent  set  of  tubes,  similar  to  those  distributed  by  various  con- 
cerns, for  the  phenol  red  range,  for  all  of  the  sulfonephthalein 
derivatives.  Methyl  red,  which  is  not  a  sulfonephthalein  deriv- 
ative, deteriorates  so  rapidly  that  a  set  of  permanent  tubes 
containing  this  indicator  cannot  be  prepared  in  the  usual  way. 
We  have  found,  however,  that  the  colors  produced  with  methyl 
red  can  be  imitated  by  means  of  an  aqueous  solution  containing 
mixtures  of  Congo  red  and  methyl  orange.  These  thymol-pre- 
served acjueous  solutions  containing  Congo  red  and  methyl  orange 
can  then  be  sealed  up  and  kept  in  Pyrex  glass  tubes  similar  to 
those  us(^d  for  the  other  standard  sets.  They  seem  to  keep 
indefinitely. 

The  determinations  were  carried  out  as  follows.  A  drop  of 
the  filtrate  to  be  tested  was  transferred  to  a  porcelain  test  plate 
and  mixed  with  1  drop  of  indicator.  This  procedure  was  repeated 
until  a  color  was  obtained  that  was  within  the  range  of  one  of  the 
indicators.  Then  1.0  cc.  of  the  filtrate  to  be  tested  was  mixed 
with  0.10  cc.  of  the  proper  indicator  in  a  Pyrex  test-tube  and  the 
color  com[)ared  with  that  of  the  standard  tubes.  The  inherent 
color  of  the  fih rates  was  never  sufficiently  intense  to  have  any 
effect  upon  the  accuracy  of  the  determination. 

Method  and  Tabic  for  the  Estimation  of  Small  Amounts  of  Imidazole 

Lactic  Acid. 

In  our  i)revious  papers^  we  reported  tables  by  means  of  which 
colorimetric  readings  could  be  converted  into  milHgrams  of  his- 

«  Clark,  W.  M.,  unci  Lubs,  II.  A.,  J.  Bad.,  1917,  ii,  1. 
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tidine,  histamine,  methyl  imidazole,  and  imidazole  acetic  and 
propionic  acids.  It  seemed  desirable  to  have  a  similar  table  for 
the  estimation  of  imidazole  lactic  acid.  This  substance  was, 
therefore,  prepared  using  the  method  described  by  Frankel.* 
The  perfectly  white  solid  obtained  by  this  method,  after  two  re- 
crystallizations  from  water,  had  the  following  properties. 

1.  Melting  point  217*'. 

2.  Chlorine — none. 

3.  Residue  on  ignition — none. 

4.  Ammonia— none. 

5.  Amino  nitrogen  (Van  Slyke  method) — none. 

6.  The  solid— 0.1000  gm.— was  dissolved  in  10  cc.  of  O.lONNaOH  and 
allowed  to  react  for  1  hour  at  room  temperature.  The  excess  of  alkali 
was  determined  by  titration  with  0.10  n  liCl,  using  phenolphthalein  as 
indicator.  The  first  change  in  the  indicator  was  obtained  when  4.3  cc. 
of  the  0.10  N  acid  had  been  added,  4.5  cc.  of  the  acid  being  required  to  give 
a  colorless  solution.  The  indefinite  end-point  obtained  is  exactly  what 
one  would  expect  of  a  substance  having  a  fairly  strong  acid  group  and  a 
feebly  basic  group.  The  5.7  cc.  of  0.1  n  NaOH  used  for  0.1000  gm.  of 
substance  agrees  very  well  with  the  5.74  cc.  demanded  by  theory  for 
CeHsNaOs'HaO.  We  therefore  considered  the  substance  to  be  100  per 
cent  pure. 

A  stock  solution  was  prepared  by  dissolving  0.5000  gm.  of  the 
soHd  in  28.7  cc.  of  0.10  n  HCl  and  diluting  with  water  to  50  cc. 
From  this  the  standard  test  solution  was  prepared  by  diluting 
1  cc.  to  100  cc.  in  a  volumetric  flask.  The  tabular  values  were 
then  obtained  by  mixing  different  amounts  of  this  standard  solu- 
tion with  the  alkaline  7;-phenyldiazonium  sulfonate  reagent  as 
previously  described.^  The  color  produced  was  then  compared  in 
a  Duboscq  colorimeter  with  a  standard  solution  of  Congo  red.* 

The  color  produced  matches  that  of  the  Congo  red  solution 
perfectly.  A  color  of  maximum  intensity  is  obtained  within 
3  to  5  minutes  and  it  is  stable  for  from  5  to  10  minutes  during 
which  time  an  accurate  comparison  can  esisily  be  made.     With 

»  Frankel,  S.,  Monatsh.  Chem.,  1903,  xxiv,  229. 

•  To  prepare  the  Congo  red  solution,  vacuum-dried  Grubler's  Congo 
red  (2.5000  gm.)  is  mixed  with  50  cc.  of  absolute  alcohol  in  a  5(X)  cc.  volume 
flask.  Water  is  then  added  to  the  mark.  This  is  the  stock  solution  which 
keeps  indefinitely.  From  it  the  standard  indicator  solution  is  prepared 
by  diluting  1.00  cc.  with  distilled  water  to  5(X)  cc.  in  a  volume  flask. 
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TABLE  1. 

Estimation  of  Small  Amounts  of  Imidazole  Lactic  Acid. 


Depth  of  indicator  solution  (CR)  required 
to  match  the  color  in  the  test  cylinder. 

Imidazole  lactic  acid  (CgHsNiOi-HjO)  in  the 

test  cylinder.   (Total  volume  8  cc.) 

Test  cylinder  set  at  20  mm. 

mm. 

gm. 

1.0 

0.000001 

2.0 

0.000002 

3.0 

0.000003 

4.1 

0.000004 

5.1 

0.000005 

6.1 

0.000006 

7.1 

0.000007 

8.1 

0.000008 

9.2 

0.000009 

10.2 

0.000010 

11.2 

0.000011 

12.2 

0.000012 

13.2 

0.000013 

14.3 

0.000014 

15.3 

0.000015 

16.3 

0.000016 

17.3 

0.000017 

18.3 

0.000018 

19.4 

0.000019 

20.4 

0.000020 

21.4 

0.000021 

22.4 

0.000022 

23.4 

0.000023 

24.5 

0.000024 

25.5 

0.000025 

26.5 

0.000026 

27.5 

0.000027 

28.5 

0.000028 

29.6 

0.000029 

30.6 

0.000030 

31.6 

0.000031 

32.6 

0.000032 

33.6 

0.000033 

34.7 

0.000034 

35.7 

0.000035 

36.7 

0.000036 

37.7 

0.000037 
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TABLE  I— Concluded. 


Depth  of  indicator  solution  (CR)  required 
to  match  the  color  in  the  test  cylinder. 

Imidazole  lactic  acid  (C«H.NK)i.HK))  in  the 

test  cylinder.     (Total  volume  8  cc.) 

Teat  cylinder  set  at  20  mm. 

mm. 

gm. 

38.7 

0.000038 

39.8 

0.000039 

40.8 

0.000040 

41.8 

0.000041 

42.8 

0.000042 

43.8 

0.000043 

44.9 

0.000044 

45.9 

0.000045 

46.9 

0.000046 

47.9 

0.000047 

48.9 

0.000048 

50.0 

0.000049 

51.0 

0.000050 

quantities  of  this  acid  in  excess  of  0.000025  gm.,  the  color  pro- 
duced is  too  intense  to  enable  one  to  make  an  accurate  comparison. 
In  such  cases  the  test  cy Under  was  set  at  10  instead  of  at  20.  The 
reading  obtained  was  then  multiplied  by  two  before  subtracting 
the  correction  blank,  which  is  0.30  mm.  as  in  the  case  of  the  other 
imidazoles.^ 

PART    I. 

On  The  Products  Formed  From  Histidine  by  the  Action  of  BacilliLS 

coll. 

These  four  organisms  {Bacillus  coli  communis,  Bacillus  coli 
communior.  Bacillus  lactis  aerogenes,  and  Bacillus  acidi  lactici)  com- 
prise the  colon  group  (in  the  narrower  sense)  according  to  the 
classification  of  the  American  Public  Health  Association.  This 
differentiation  is  based  upon  the  different  behavior  of  these  four 
organisms  toward  dextrose,  lactose,  dulcitol,  and  saccharose  and 
is  represented  as  follows: 


'  This  correction  blank  represents  the  amount  of  color  that  is  autoge- 
nously  produced  by  the  reagent  even  when  imidazoles  are  absent.  See 
foot-note  1. 
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Bacillus  coli  Group. 

Dextrose  •\- 
Lactose  + 

I 


r  " 

Dulcitol  +  Dulcitol  - 

B.  communior  B.  aerogenes 

B.  communis  B.  acidi  laciici 


v~         I  r         "1 

Saccharose  +        Saccharose  —        Saccharose  +        Saccharose  — 
B.  communior        B.  communis         B.  aerogenes  B.  acidi  lactici 

The  behavior  of  the  organisms  investigated  by  us  is  summar- 
ized in  Table  II.  We  have  included  a  large  number  of  tests 
that  were  not  required  for  differentiation  purposes  because  we 
hoped  to  find  a  correlation  between  these  reactions  and  the  pro- 
duction of  histamine.  Such  a  relationship  seems,  however,  not 
to  exist.  The  organisms  CoH  K,  H,  B,  88,  51,  80,  84,  90,  52,  74, 
and  Schwartz  were  isolated  from  human  feces  and  investigated 
as  soon  as  they  had  been  obtained  in  pure  culture.  The  other 
strains  were  stock  cultures  obtained  from  a  variety  of  sour<5e6. 
Some  of  these  strains  have  been  growing  on  artificial  media  for 
years. 

Bacillus  coll  communior. 

Of  the  organisms  investigated,  eight  belonged  to  this  group. 
Their  behavior  on  our  synthetic  medium  is  summarized  m 
Table  III. 

Coli  P-S-19. — This  organism  did  not  rupture  the  imidazole  ring 
to  an  appreciable  extent.  Of  the  histidine  originally  introduced,  29.7 
per  cent  was  converted  into  histamine  and  59  per  cent  was  recover'^d 
unchanged.  Imidazoles  other  than  histamine  were  not  formed.  Of  the 
ammonia  originally  introduced,  42  per  cent  was  removed  by  the  micro- 
organisms. 

Coli  K  (red). — There  is  a  sufficient  discrepancy  between  the  amino 
nitrogen  and  color  values  for  both  the  histidine  and  the  histamine  fractions 
to  suggest  a  slight  rupture  of  the  imidazole  ring  with  the  production  of 
primary  amino  groups.  Of  the  histidine  originally  introduced,  37.6  per 
cent  was  converted  into  histamine  and  50  per  cent  was  recovered  un- 
changed. Imidazoles  other  than  histamine  were  not  formed.  Of  the 
ammonia  originally  introduced,  9.7  per  cent  was  removed  by  tlie  bacilli. 
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TABLE  lU-Bacillus 


Name  of  strain. 

Total  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20  gm.  -  100%.) 

Color  value  of  histidine 
fraction  as  histidine 

dichloride.' 
(0.20  gm.-  100%.) 

Unchanged  histidine 

(Van  Slyke  method)  with 

5  cc.  of  teat  solution. 

Coli  P-3-19. 

0.10  cc.  =    9.6  mm. 
0.20    "   =  19.2    " 
Match  perfect. 

96% 

0.10  CC.  =    5.9  mm. 
0.20    "    =  11.8    " 
Match  good. 

59% 

1. 18  CO.  Nt  at  22*  and 

745  mm. 
0.1327   gm.  histidine 

dichloride. 
66.3% 

Coli  K  (red); 

0.10  cc.  =  10.8  mm. 
0.20    "   =  21.6    " 
Match  perfect. 

108% 

0.10  cc.  =    5.0  mm. 
0.20    "   =  10.0    " 
Match  perfect. 

50% 

1.14cc.  N,at26''and 

750  mm. 
0.1264  gm.  histidine 

dichloride. 
63.2% 

Coli  Y, 

14  days. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0    " 
Match  perfect. 

90% 

1.63  cc.  N,  at  27.5** 

and  744  mm. 
0.1795  gm.   histidine 

dichloride. 

89.7% 

30  days. 

0.10  cc.  =    7.4  mm. 
0.20    "   =  14.8    " 
Match  perfect. 

74% 

0.10  cc.  =    6.6  mm. 
0.20    "   =  13.2    " 
Match  good. 

66% 

2.46  cc.  N,  at  24'' and 

748  mm. 
0.275    gm.    histidine 

dichloride. 

137.5%              1 

Coli  Jd. 

0.10  cc.  =  10.1  mm. 
0.20    "   =  20.2    " 
Match  perfect. 

101% 

0.10  cc.  =    8.6  mm. 
0.20    "    =  17.2    " 
Match  perfect. 

86% 

1.55CC.  Njat22*'and 

743  mm. 
0.1738  gm.  histidine 

dichloride. 
86.9% 

Coli  Lac.  Aer., 
7  days. 

0.10  cc.  =    8.7  mm. 
0.20    "   =  17.4    " 
Match  perfect. 

87% 

0.10  cc.  =    7.5  mm. 
O.'iO*  "    =  15.0    " 
Match  perfect. 

75% 

1.37CC.  N,atl6*and 

750  mm. 
0.1597  gm.  histidine 

dichloride. 

79.8% 

14  days. 

0.10  cc.  =    5.2  mm. 
0.20    "   =  10.4    " 
Match  perfect. 

52% 

0.10  cc.  =    4.5  mm. 
0.20    "    =    9.0    " 
Match  good. 

45% 

l.Slcc.  N,at23*'and 

748  mm. 
0.2032  gm.  histidine 

dichloride. 
101.6% 

*  Colors  matched  against  the  (CR-MO)  standard. 
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eoli  communior. 


Color  value  of 
histamine  fraction.* 

Histidine  converted 

into  histamine 
(colorimetric  deter- 
mination). 

Histidine  converted 

into  histamine 

(Van  Slyke  method) 

with  5  cc.  of  test 

solution. 

O.IOnHCI  neutralized 

by  NH3  from 

entire  test  solution. 

Reaction. 

Before 
incu- 
bation. 

After 
incu- 
bation. 

cc. 

pH 

pH 

0.05  cc.  =    7.2  mm. 

0.048gm.  of  his- 

0.46 cc.   Na  at 

21.0 

0.10    "   =  14.4    " 

tamine  in  en- 

22° and  748  mm. 

Hence  the  0  of  15  cc. 

Color    develops    like 

tire  test  solu- 

0.042  gm.   his- 

of 0.1  N  NHgUsed 

7.3 

5.9 

that  of  histamine. 

•  tion. 

tamine       di- 

by       microorgan- 

29.7% of  hista- 

chloride. 

isms. 

mine  present. 

26% 

0.05  cc.  =    9.1  mm. 

0.0607    gm.    of 

0.9cc.N2at30° 

32.5 

0.10    "   =  18.2    " 

histamine    in 

and  748  mm. 

Hence  the  0  of  3.5 

Color   develops    like 

entire  test  so- 

0.0785 gm.  his- 

cc.   of   0.1    N    NH3 

7.4 

5.4 

that  of  histamine. 

lution. 

tamine       di- 

used  by  the  micro- 

37.6% of  hista- 

chloride. 

organisms. 

mine  present. 

48.6% 

0.50  cc.  =    4.8  mm. 

0.00128  gm.  of 

20.0 

1.00    "   =    9.6    " 

histamine   in 

Hence  the   0   of  16 

Color   develops    like 

entire  test  so- 

cc.   of  0.1    N   NH3 

7.3 

6.0 

that  of  histamine. 

lution. 
1.98% 

used  by  microor- 
ganisms. 

0.20  cc.  =    4.0  mm. 

0.00668  gm.   of 

None. 

0.40    "    =    8.0    " 

histamine  di- 

Hence  the   =0=   of  36 

Color    develops    like 

chloride       in 

cc.    of   0.1    N   NH3 

7.3 

4.6 

that  of  histamine. 

entire  test  so- 

used by  microor- 

lution. 

ganisms. 

4.1% 

28,0 

Hence  the  0  of  8  cc. 

None. 

of  0.1  N  NH3  used 
by       microorgan- 
isms. 

7.3 

5.6 

36.7 
Hence  the  0  of  0.7 

None. 

cc.    of   0.1    N    NII3 
was   produced    by 
microorganisms. 

7.3 

5.8 

38.0 

Hence  the  ===  of  2  cc. 

None. 

of  0. 1  N  Nils  was 
produced    by    the 
microorganisms. 

7.3 

5.4 
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TABLE  III- 


Name  of  •train. 

Total  color  value  of 

teat  solution  as  bistidine 

dichloride.* 

(0.20  gm.  -  100%.) 

Color  value  of  histidine 
fraction  &b  histidine 

dichloride.* 
(0.20  gm.  -  1007o) 

Unchanged  histidine 

(Van  Slyke  method)  with 

5  cc.  of  test  solution. 

(;oIi  88. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

O.lOcc.  =    8.3  mm. 
0.20    "   =  16.6    " 
Match  perfect. 

83% 

1.62CC.  N,at27*and 

746  mm. 
0.1775  gm.  histidine 

dichloride 
88.8% 

ColiSl. 

0.10  cc.  =  10.0  mm, 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.2  mm. 
0.20    "   =  16.4    " 
Match  perfect. 

82% 

1.62CC.  N,at27''and 

746  mm. 
0.1775  gm.  histidine 

dichloride. 
88.8% 
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Concluded. 


Color  value  of 
histamine  fraction.* 

Histidine  converted 

into  histamine 
(colorimetric  deter- 
mination). 

Histidine  converted 

into  histamine 

(Van  Slyke  method) 

with  5  cc.  of  test 

solution. 

0.10  N  nCl  neutralized 

by  NHi  from 

entire  test  solution. 

Reaction 

Before 
incu- 
bation. 

After 
incu- 
bation. 

None. 

cc. 

37.0 
Hence  the  =c=  of  1  cc. 
of  0.1  N  NHs  was 
produced   by    the 
microorganisms. 

pH 

7.4 

pH 

5.4 

None. 

33.75 
Hence  the  ^  of  2.25 
cc.  of  0.1  N  NHs 
was    removed    by 
the      microorgan- 
isms. 

7.4 

5.6 
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Colt  Y. — During  the  first  2  weeks  of  incubation,  8  per  cent  of  the  intro- 
duced histidine  and  44  per  cent  of  the  introduced  ammonia  were  removed 
by  the  microorganisms.  Of  the  histidine  originally  introduced,  about 
2  per  cent  was  converted  into  histamine.  There  is  no  evidence  that  the 
imidazole  ring  was  ruptured  because  the  check  between  the  histidine  values 
by  amino  nitrogen  and  colorimetric  determinations  is  perfect. 

During  the  next  16  days  of  incubation  an  additional  2  per  cent  of  his- 
tamine was  produced.  The  liquid  was  free  from  ammonia;  hence  100  per 
cent  of  the  ammonia  originally  introduced  was  removed  by  the  organ- 
isms. The  most  striking  observation,  however,  was  the  discrepancy 
between  the  histidine  values  obtained  by  the  colorimetric  and  the  amino 
nitrogen  methods. 

In  a  previous  paper  we  called  attention  to  the  fact  that  his- 
tidine might  be  decomposed  by  microorganisms  according  to  the 
following  structure: 

H     H  H 

C  -  N.  C  -  NH2 

C  -  N^  C  -  NH2  O 


-f-H-C 


H2C  +  2  H2O  -^  CH2 

HCNH2  HCNH2  OH 

COOH  C 


OOH 

The  triamino  compound  formed,  because  of  its  carboxyl  group, 
would  form  a  sodium  salt,  in  the  presence  of  a  strong  alkali,  that 
should  be  soluble  in  water  and  difficultly  soluble  in  amyl  alcohol. 
In  the  course  of  our  standard  procedure  this  triamino  compound 
should  appear  together  with  histidine  in  the  histidine  fraction. 
Although  histidine  contains  but  one  primary  amino  group,  the 
triamino  compound  contains  three  such  groups;  hence  each  mole- 
cule of  triamino  compound  would  give  three  times  as  much  nitro- 
gen, by  the  Van  Slyke  method,  as  a  molecule  of  histidine. 

Going  back  to  the  table  we  find  that  90  per  cent  of  the  introduced  histi- 
dine was  left  unchanged  at  the  end  of  14  days.  After  30  days  of  incubation, 
66  per  cent  of  histidine  was  present  and  2  additional  per  cent  of  histamine 
had  been  produced.  In  all,  then,  68  of  the  90  per  cent  of  histidine  left 
after  14  days  of  incubation  can  be  accounted  for  colorimetrically.  What 
became  of  the  22  per  cent  of  histidine  that  cannot  be  accounted  for  colori- 
metrically? If  we  assume  that  all  of  this  histidine  was  converted  into 
triamino  compound,  an  amount  of  Nj  equivalent  to  22  times  3  or  66  per 
cent  of  histidine  would  be  evolved  in  an  amino  nitrogen  determination. 
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If  to  this  we  add  the  nitrogen  evolved  by  the  66  per  cent  of  histidine  present 
in  the  same  liquid,  one  would  expect  to  obtain  an  amount  of  nitrogen 
equivalent  to  132  per  cent  of  histidine  which  compares  very  well  with  the 
137.5  per  cent  actually  obtained. 

We  realize,  of  course,  that  an  excess  of  amino  nitrogen  may  not 
necessarily  indicate  the  presence  of  a  histidine  disruption  prod- 
uct. It  is  possible  that  non-volatile,  carboxylated  amino  com- 
pounds, possibly  amino-acids,  might  be  synthesized  from  ammonia 
and  glycerol,  and  if  these  were  present,  the  amino  nitrogen  figure 
would  be  high.  At  present,  however,  we  are  inclined  to  believe 
that  a  triamino  compound  is  responsible  for  the  excess  amino 
nitrogen  because  a  quantitative  relationship  similar  to  the  one 
given  above  has  been  found  to  hold  in  five  other  cases.  A  quanti- 
tative agreement  might  be  obtained  once  or  twice  by  accident; 
but  it  seems  hardly  reasonable  to  assume  that  the  accident  should 
occur  six  times. 

The  formula  of  the  triamino  compound  would  lead  one  to  be- 
lieve that  the  compound  might  have  some  physiological  activity. 
A  search  of  the  literature  revealed  the  fact  that  diamino  acety- 
lene derivatives  have  not  yet  been  prepared.  We  hope  to  make 
the  preparation  and  properties  of  this  triamino  compound  the 
subject  of  a  subsequent  paper. 

Finally  we  can  raise  the  question,  ivMj  do  certain  viicroorganisms 
rupture  the  imidazole  ring  with  the- liberation  of  free  amino  groups? 
Two  reasons  suggest  themselves.  This  type  of  nuclear  disrup- 
tion is  the  most  certain  way  to  expose  for  future  use  all  of  the 
nitrogen  and  carbon  of  the  molecule.  This  is  also  a  decomposi- 
tion that  converts  a  feebly  basic  substance  into  one  that  is 
strongly  basic. 

Colt  Jd. — This  organism  did  not  rupture  the  imidazole  ring.  Of  the 
histidine  originally  introduced,  SQ  per  cent  was  recovered  unchanged. 
Histamine  and  other  imidazoles  were  not  formed.  Of  the  ammonia  origin- 
ally introduced  22  per  cent  was  removed  by  the  microorganisms. 

Coli  Lac.  Aer. — During  the  first  7  days  of  incubation,  this  rapidly 
growing  organism  reduced  the  histidine  concentration  of  the  solution  to 
75  per  cent  of  its  initial  value.  There  is  practically  no  indication  that  a 
nuclear  rupture  occurred.  The  concentration  of  ammonia  in  the  solution 
was  greater  after  7  days  of  incubation  than  it  was  at  the  outset  of  the 
experiment.  Some  of  this  ammonia  must  have  been  derived  either  from 
the  disrupted  histidine,  or  from  the  potassium  nitrate. 
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The  second  7  day  period  of  incubation  reduced  the  histidine  concen- 
tration to  45  per  cent  of  its  initial  value.  Some  of  this  histidine  was  ap- 
parently converted  into  triamino  compound  and  some  into  ammonia. 
Although  there  is  no  doubt,  in  this  case,  that  a  carboxylated  amino  com- 
pound was  formed  from  the  histidine,  quantitative  proof  for  the  formation 
of  a  triamino  compound  is  lacking  because  the  decomposition  continued 
beyond  this  stage  with  the  production  of  ammonia.  Histamine  and  other 
imidazoles  were  not  formed. 

The  increase  in  the  ammonia  figure  might  suggest  that  this  organism 
was  unable  to  utilize  ammonia  as  a  source  of  nitrogen,  and  that  the  imid- 
azole ring  was  ruptured  to  render  nitrogen  available.  This  was,  however, 
not  the  case  because  this  organism  grows  splendidly  on  a  medium  that 
contains  only  inorganic  salts,  glycerol,  and  NH4CI.  On  this  histidine- 
free  medium  the  ammonia  value  drops  from  36  to  25  cc.  of  0.1  n  HCl  in  the 
course  of  2  weeks.  The  rupture  of  the  imidazole  ring  might,  therefore, 
have  been  resorted  to  in  an  attempt  to  lower  the  hydrogen  ion  concen- 
tration of  the  cell  protoplasm. 

Coli  88. — This  organism  did  not  rupture  the  imidazole  ring  with  the 
production  of  appreciable  quantities  of  a  carboxylated  amino  compound; 
but  some  of  the  histidine  nitrogen  must  have  been  converted  into  ammonia 
because  the  concentration  of  ammonia  at  the  end  of  the  14  day  incubation 
period  was  greater  than  the  initial  concentration.  Of  the  histidine  origin- 
ally introduced,  83  per  cent  was  recovered  unchanged.  Histamine  and 
other  imidazoles  were  not  formed. 

Coli  61. — The  results  obtained  with  this  organism  were  so  nearly  like 
those  obtained  with  Coli  88  that  a  detailed  discussion  seems  superfluous. 
In  this  case,  however,  the  ammonia  consumption  was  more  rapid  than  its 
production  so  that  the  initial  ammonia  value  was  reduced  by  6.2  per  cent. 

Bacillus  coli  communis. 

Of  the  organisms  investigated,  five  belong  to  this  group.  Their 
behavior  on  our  synthetic  medium  is  summarized  in  Table  IV. 

Coli  cystitis. — This  is  the  organism  that  was  used  in  our  earlier  work.* 
Since  its  behavior  has  been  described  in  detail  in  our  previous  articles, 
it  seems  unnecessary  to  do  more  here  than  to  call  attention  to  the  fact 
that  it  has  lost  none  of  its  power  of  decarboxylation.  In  this  experiment 
57  per  cent  of  the  histidine  originally  introduced  was  converted  into 
histamine  as  compared  to  a  50  per  cent  conversion  obtained  by  us  some 
2  years  ago. 

Coli  Wk. — This  organism  ruptured  the  imidazole  ring  to  a  considerable 
extent,  apparently  with  the  formation  of  a  carboxylated  amino  compound. 
Quantitative  proof  for  the  formation  of  a  triamino  compound  is,  however, 
lacking  in  this  case.  Of  the  histidine  originally  introduced  76  per  cent  was 
recovered.    Histamine  and  other  imidazoles  were  not  formed.    Of  the 
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ammonia  originally  introduced,  8.3  per  cent  was  removed  by  the  micro- 
organisms. 

Coll  Hm. — This  organism  seems  not  to  have  attacked  the  histidine  at 
all  because  96  per  cent  of  this  amino-acid  was  recovered.  The  nitrogen 
requirements  were  obviously  supplied  by  the  ammonia  whose  final  con- 
centration was  only  75  per  cent  of  that  originally  introduced. 

Coll  Cs. — This  organism  did  not  rupture  the  imidazole  ring  with  the 
formation  of  a  carboxylated  amino  compound.  Of  the  histidine  originally 
introduced,  86  per  cent  was  recovered.  Histamine  or  other  imidazoles 
were  not  formed.  Of  the  ammonia  originally  introduced,  25  per  cent  was 
removed  by  the  microorganisms. 

Coli  K  (White). — This  organism  ruptured  the  imidazole  ring  to  the 
extent  of  8  per  cent,  apparently  with  the  formation  of  a  triamino  compound 
(see  under  Coli  Y).  Of  the  histidine  originally  introduced,  92  per  cent 
was  recovered.  If  we  assume  that  the  8  per  cent  of  histidine  that  dis- 
'  appeared  in  the  course  of  2  weeks  incubation,  was  quantitatively  converted 
into  triamino  compound,  the  total  amino  nitrogen  value  of  the  liquid 
should  have  been  eight  times  3  plus  92  equals  116  per  cent,  which  compares 
very  well  with  the  113.4  per  cent  actually  obtained.  Histamine  and  other 
imidazoles  were  not  formed.  A  small  amount  of  ammonia  was  produced 
either  from  the  histidine  or  from  the  potassium  nitrate. 

Bacillus  lactis  aerogenes. 

Of  the  organisms  investigated,  five  belong  to  this  group.  Their 
behavior  on  our  sj^nthetic  medium  is  summarized  in  Table  V. 

Coli  bovis  S. — During  the  first  2  weeks  of  incubation,  this  organism 
reduced  the  histidine  concentration  of  the  solution  to  92  per  cent  of  its 
initial  value  and  removed  17  per  cent  of  the  ammonia  that  was  originally 
introduced.  There  is  no  indication  that  a  nuclear  rupture  occurred.  His- 
tamine and  other  imidazoles  were  not  produced. 

After  30  days  of  incubation,  the  histidine  concentration  was  reduced 
to  84  per  cent  of  its  initial  value.  During  this  period,  2.4  per  cent  of 
histidine  was  converted  into  histamine.  In  all,  tlien,  S6.4  per  cent  of 
histidine  can  be  accounted  for  colorimetrically,  after  30  days  of  incubation 
After  14  days  of  incubation,  92  per  cent  of  histidine  was  recovered.  If  we 
assume  that  the  5.6  per  cent  of  histidine  that  disappeared  during  the  second 
16  day  period  was  converted  quantitatively  into  triamino  compound,  an 
amino  nitrogen  value  of  5.6  times  3  plus  84  equals  100.8  per  cent  should 
have  been  obtained  for  the  histidine  fraction  wiiich  compares  very  well 
with  the  103.5  per  cent  actually  obtained.  Tiiis  organism  scorns,  there- 
fore, to  have  converted  5.6  per  cent  of  histidine  into  triamino  compound. 
Of  the  ammonia  originally  introduced,  28.5  per  cent  was  removed  by  the 
microorganisms. 
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TABLE  ly— Bacillus 


Name  of  strain. 

Total  color  value  of 

tret  Bolution  as  hirtidine 

dichloride.* 

(0.20  gm.  -  100%.) 

Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0.20  gm.  -  100%.) 

Unchanged  histidine 

(Van  Slyke  method)  with 

6  eo.  of  test  solution. 

Coli  cystitis. 

O.lOcc.  =  11.2  mm. 
0.20    "   =  22.4    " 
Color  developed  very 
rapidly. 
112% 

O.lOcc.  =    4.0  mm. 
0.20    "   =    8.0    " 

Match  perfect. 
40% 

0.85CC.  N,at20'and 

750  mm. 
0.097    gm.    histidine 

dichloride.               J 
48.5%              1 

Coli  Wk. 

0.10  cc.  =    8.4  mm. 
0.20    "   =  16.9    " 
Match  perfect. 

84% 

0.10  cc.  =    7.6  mm. 
0.20    "   =  15.2    " 
Match  good. 

76% 

1.95CC.  N,at22°and 

748  mm. 
0.220    gm.    histidine 

dichloride. 
110% 

Coli  Hm. 

O.lOcc.  =  10.3  mm. 
0.20    "   =  20.6    " 
Match  perfect. 

103% 

O.lOcc.  =    9.6  mm. 
0.20    "   =  19.2    " 
Match  perfect. 

96% 

1.80CC.  N,at20''and 

750  mm. 
0. 206    gm.    histidine 

dichloride. 
103% 

Coli  Cs. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.6  mm. 
0.20    ''  =  17.2    " 
Match  perfect. 

86% 

1.57CC.  N,at23**and 

750  mm. 
0.1768  gm.   histidine] 

dichloride. 

88.4% 

Coli  K  (white). 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    9.2  mm. 
0.20    "   =  18.3    " 
Match  perfect. 

92% 

2.07CC.  N,at28*»and 

750  mm. 
0.2268  gm.   histidine 

dichloride. 
113.4% 

Colors  matched  against  the  (CR-MO)  standard. 
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colt  communis. 


Color  value  of 
histamine  fraction.* 

Histidine  converted 

into  histamine 
(colorimetric  deter- 
mination). 

Histidine  converted 

into  histamine 

(Van  SI yke  method) 

with  5  cc.  of  test 

solution. 

0.10  N  HCl  neutralized 

by  NHs  from 

entire  test  solution. 

Reaction. 

Before 

incu- 
bation. 

After 
incu- 
bation. 

0.05  cc.  =  13.8  mm. 
0.10    "   =  27.5    " 
Color   develops   like 
that  of  histamine. 

0.092    gm.     of 
histamine  di- 
chloride      in 
the       entire 
test  solution. 

57%    of   hista- 
mine present. 

1.04  cc.  Nj  at 
20°    and   754 
mm. 

0.0964  gm.  his- 
tamine      di- 
chloride. 
59.8% 

27 
Hence  the  <5=  of  9  cc. 
of  0.1  N  NHa  used 
by  the  microorgan- 
isms. 

pH 

7.3 

pH 

5.4 

None. 

33 
Hence  the  =o=  of  3  cc. 
of  0.1  NNHsUsed 
by  the  microorgan- 
isms. 

7.3 

6.4 

None. 

27 
Hence  the  o  of  9  cc. 
of  0.1  N  NHsUsed 
by  the  microorgan- 
isms. 

7.3 

5.2 

None. 

27 
Hence  the  =0=  of  9  cc. 
of  0.1  N  NH,  used 
by  the  microorgan- 
isms. 

7.3 

5.8 

None. 

37 
Hence  the  =c=  of  1  cc. 
of  0.1  N  NHs  was 
produced    by    the 
microorganisms. 

7.4 

5.5 
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TABLE  v-Baeillui 


Name  of  strain. 

Total  color  value  of 

test  solution  aa  histidine 

dichloride.' 

(0  20gm.  -  100%.) 

Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0.20 gm.  -  100%.) 

Unchanged  histidine 

(Van  Slyke  method)  with 

6  cc.  of  test  solution. 

ColibovisS, 
14  days. 

0.10  cc.  =  10.6  mm. 
0.20    "   =  21.2    " 
Match  perfect. 

106% 

0.10  CC.  =    9.2  mm. 
0.20    "   =  18.4    " 
Match  perfect 

92% 

1.65CC.  N,at27"*and 

749  mm. 
0.182    gm.    histidine 

dichloride. 
91% 

30  days. 

0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0    " 
Match  perfect. 

90% 

0.10  cc.  =    8.4  mm. 
0.20    "   =  16.7    " 
Match  perfect. 

84% 

1.85  cc.  Ni  at  21**  and 

738  mm. 
0.207    gm.    histidine 

dichloride. 

103.6% 

Coli  bovis  4. 

0.10  cc.  =  10.3  mm. 
0.20    "   =  20.6    " 
Match  perfect. 

103% 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

1.93CC.  N,at26°and 

745  mm. 
0.212    gm.    histidine 

dichloride. 
106% 

Coli  80. 

0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0    " 
Match  perfect. 

90% 

0.10  cc.  =    8.0  mm. 
0.20    "   =  16.0    " 
Match  perfect. 

80% 

1.97CC.  N,at30^and 

747  mm. 
0.213    gm.    histidine 

dichloride. 
106.6% 

Coli  84. 

0.10  cc.  =    9.3  mm. 
0.20    "    =  18.6    " 
Match  perfect. 

i                93% 

0.10  cc.  =    8.6  mm. 
0.20    "   =  17.2    " 
Match  perfect. 

86% 

1.79CC.  N,at25**and 

751  mm. 
0.2000  gm.  histidine 

dichloride. 
100% 

Coli  90. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.4  mm. 
0.20    "   =  16.8    " 
Match  perfect. 

84% 

1.51CC.  N,at21*'and 

752  mm. 
0.172    gm.    histidine 

dichloride. 
86% 

Colors  matched  against  the  (CR-MO)  standard. 
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J      lactis  aerogenes. 


CJolor  value  of 
histamine  fraction.* 

Histidine  converted 

into  histamine 
(colorimetric  deter- 
mination). 

Histidine  con- 
verted into  hista- 
mine (Van  Slyke 
method)  with  5  cc. 
of  test  solution. 

0. 10  nHCI  neutralized 

by  NHj  from 

entire  test  solution. 

Reaction. 

Before 
incu- 
bation. 

After 
incu- 
bation. 

None. 

cc. 

29.7 
Hence  the  =0=  of  6.3 
cc.    of   0.1    N    NH3 
used    by    microor- 
ganisms. 

pH 

7.3 

pH 

5.4 

0.40  cc.  =  4.7  mm. 
0.80    "   =  8.4    " 
Color  develops  like 
that   of   histamine. 

0.0039    gm.    of 
histamine  di- 
chloride      in 
the       entire 
test  solution. 

2.4%  of  hista- 
mine present. 

25.7 
Hence  the  0  of  10.3 

cc.    of    0.10  N  NH3 

used  by  the  micro- 
organisms. 

7.3 

5.2 

None. 

36.0 
Hence       appreciable 
quantities  of  NH3 
seem   not  to  have 
been    removed    by 
the  microorganisms. 

7.4 

5.4 

None. 

29 
Hence  the  0  of  7  cc. 
of  0.1  N  NH3  used 
by  the  microorgan- 
isms. 

7.4 

5.4 

None. 

37 
Hence  the  =s=  of  1  cc. 
of  0.1  N  NH,   was 
produced     by     the 
microorganisms. 

7.4 

5.6 

None. 

37.5 
Hence  the  =  of  1 . 5  cc. 
of  0.1   N  NHs  was 
produced     by    the 
microorganisms. 

7.4 

5.6 
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Colt  hovis  4. — This  organism  did  not  grow  as  well  as  the  other  coli  and 
it  seems  not  to  have  attacked  appreciable  quantities  of  either  the  histidine 
or  the  ammonia. 

Coli  80. — This  colon  bacillus  ruptured  the  imidazole  ring  with  the  for- 
mation of  carboxylated  amino  compounds.  Of  the  histidine  originally 
introduced,  80  per  cent  was  recovered.  Histamine  and  other  imidazoles 
were  not  formed.  The  ammonia  concentration  was  reduced  by  19.5 
per  cent. 

Coli  84' — A  nuclear  rupture  with  the  formation  of  carboxylated  amino 
compounds  is  again  indicated  in  this  case.  Of  the  histidine  originally 
introduced,  86  per  cent  was  recovered.  Some  ammonia  was  produced 
either  from  the  disrupted  histidine  or  from  the  potassium  nitrate.  Hista- 
mine or  other  imidazoles  were  not  formed. 

Coli  90. — The  liquid  finally  obtained  in  this  case  was  free  from 
carboxylated  amino  compounds  other  than  histidine.  Of  this  amino-acid, 
84  per  cent  was  recovered  unchanged.  Some  ammonia  was  produced 
either  from  the  disrupted  histidine  or  from  the  potassium  nitrate.  His- 
tamine or  other  imidazoles  were  not  formed. 

Bacillus  acidi  lactici. 

Of  the  organisms  investigated,  twelve  belong  to  this  group. 
Their  behavior  on  our  synthetic  medium  is  summarized  in  Table  VI. 

Ten  of  these  organisms  gave  results  that  are  qualitatively  iden- 
tical; so  they  can  be  discussed  collectively.  Only  Coli  P-2-19 
and  P-5-19  require  special  consideration. 

All  of  the  ten  similar  organisms  ruptured  the  imidazole  ring 
with  the  production  of  carboxylated  amino  compounds.  The 
disruption  did  not  proceed  quantitatively  to  the  formation  of 
triamino  compound  in  any  of  these  cases.  Histamine  and  other 
imidazoles  were  not  formed.  Some  of  the  organisms — Coli  H, 
Schwartz,  52,  51  (white),  and  74 — produced  ammonia,  and  others 
—Coli  P-1-19,  P-4-19,  P-6-19,  and  I  (K)— removed  some  from 
the  solution. 

Coli  P-2-19. — The  formation  of  a  carboxylated  triamino  compound 
is  again  quantitatively  indicated  in  this  case.  Of  the  histidine  originally 
introduced,  95  per  cent  was  recovered.  If  we  assume  that  the  5  per  cent 
of  histidine  that  disappeared  was  quantitatively  converted  into  a  triamino 
compound,  an  amino  nitrogen  value  of  five  times  3  plus  95  or  110  per  cent 
should  have  been  obtained  which  agrees  almost  exactly  with  the  110.2 
per  cent  actually  obtained.  Histamine  and  other  imidazoles  were  not 
formed.  Of  the  ammonia  originally  introduced,  57  per  cent  was  removed 
by  the  microorganisms. 
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Coli  P-5-19. — This  interesting  organism  converted  14.5  per  cent  of 
the  histidine  originally  introduced,  into  histamine.  Since  79  per  cent 
of  histidine  was  recovered  unchanged,  93.5  per  cent  of  the  original  histi- 
dine can  be  accounted  for  colorimetrically.  The  amino  nitrogen  deter- 
mination on  the  histidine  fraction  gave  a  value  of  100.5  per  cent  calcu- 
lated as  histidine.  Of  this  amino  nitrogen  only  79  per  cent  could  have 
been  derived  from  histidine.  If  we  assume  that  the  remaining  21.5  per 
cent  of  amino  nitrogen  was  derived  from  the  triamino  compound,  this 
would  account  for  7.17  per  cent  of  histidine;  i.e.,  21.5  divided  by  3.  Sum- 
ming up,  then,  we  have 

79.0    per  cent  as  histidine. 

14.5      "       "      "  histamine. 
7.17    "       "     "  triamino  compound. 

100.67    "      "    total  recovery. 
which  is  a  truly  remarkable  agreement. 

PART  II. 

The  Products  Formed  from  Histidine  by  the  Action  of  Other  Members 
of  the  Colon  Typhoid  Group. 

The  organisms  investigated  were  Bacillus  enteritidis,  Bacillus 
typhosus,  Bacillus  paratyphosus  A  (3  strains),  Bacillus  dysenterice 
Flexner,  Bacillus  dysenterice  Morgan,  Bacillus  dysenterice  Shiga, 
Bacillus  fcecalis  alcaligenes  I,  and  Bacillus  fcecaUs  alcaligenes  III. 
The  behavior  of  these  organisms  on  our  synthetic  medium  is 
summarized  in  Table  VII. 

B.  enteritidis  228. — This  organism  grew  very  well  on  the  liquid  medium. 
There  is  no  evidence  of  a  rupture  of  the  imidazole  ring  after  7  days  of 
incubation  although  20  per  cent  of  the  introduced  histidine  disappeared 
during  this  time  interval.  Of  the  ammonia  originally  introduced  32  per 
cent  was  removed  by  the  microorganisms.  Histamine  and  other  imidazoles 
were  not  formed. 

The  attack  on  the  remaining  histidine  was  so  intense,  during  the  second 
7  day  period,  that  40  per  cent  of  that  amino-acid  disappeared.  A  nuclei^r 
rupture  occurred  with  the  formation  of  some  carboxylated  amino  compound 
and  considerable  ammonia.  Histamine  and  other  imidazoles  were  not 
formed. 

B.  typhosus. — This  organism  grew  poorly  on  our  medium.  Histamine 
and  other  imidazoles  were  not  formed.  Very  little  acid  was  produced. 
Of  the  ammonia  originally  introduced,  80  per  cent  was  recovered.  The 
results  on  the  histidine  fraction  suggest  that  a  small  amount  of  liistidine 
was  deaminized  because  the  colorimetric  value  for  histidine  ran  higher 
than  the  amino  nitrogen  value.  The  conversion  was  too  slight,  however, 
to  be  of  particular  significance. 
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TABLE  Yl-Badllut 


Name  of  strain. 

ToUl  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20  gm.  -  100%.) 

Color  value  of  hiatidine 
fraction  as  histidine 

dichloride.* 
(0  20gni.  -  100%.) 

Unchanged  histidine 

(Van  Slyke  method)  with 

5  cc.  of  test  solution. 

Coli  B. 

0.10  CC.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    9.2  mm. 
0.20    "   =  18.4    " 
Match  perfect. 

92% 

1.90cc.  N,at28»and 

747  mm. 
0.208    gm.    histidine 

dichloride. 
104% 

Coli  H. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.0  mm. 
0.20    "   =  16.0    " 
Match  perfect. 

80% 

1.80CC.  N,at30°and 

747  mm. 
0.1945  gm.   histidine 

dichloride. 
97.2% 

Ooli  P-1-19. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    9.1mm. 
0.20    "   =  18.2    " 
Match  perfect. 

91% 

1.70cc.  N,at21*and 

744  mm. 
0.192    gm.    histidine 

dichloride. 
96% 

Coli  P-2-19. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    9.5  mm. 
0.20    "   =  19.0    " 
Match  perfect. 

95% 

1.99CC.  Naat25*'and 

745  mm. 
0.2204  gm.  histidine 

dichloride. 
110.2% 

Coli  P-4-19. 

0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0   •" 
Match  perfect. 

90% 

0.10  cc.  =    8.4  mm. 
0.20    "   =  16.7    " 
Match  perfect. 

84% 

1.85CC.  N,at22°and 

747  mm. 
0.209    gm.    histidine 

dichloride. 
104.5% 

Coli  P-5-19. 

0.10  cc.  =    9.8  mm. 
0.20    "    =  19.4    " 
Match  perfect. 

98% 

0.10  cc.  =    7.9  mm. 
0.20    "   =  15.8    " 
Match  perfect. 

79% 

1.77  CC.  N,  at  20*  and 

745  mm. 
0.201    gm.    histidine 

dichloride. 
100.5% 

Coli  P-6-19. 

0.10  cc.  =    9.4  mm. 
0.20    "   =  18.9    " 
Match  perfect. 

94% 

0.10  cc.  =    9.4  mm. 
0.20    "   =  18.8    " 
Match  perfect. 

94% 

1.81cc.N,at2rand 

746  mm. 
0.205    gm.    histidine 

dichloride. 
102.5% 

*  Colors  matched  against  the  (CR-MO)  standard. 
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acidi  lactici. 


Color  value  of 
hiatamine  fraction.* 

Histidine  converted 

into  histamine 
(colorimetric  deter- 
mination). 

Histidine  converted 

into  histamine 

(Van  Slyke  method) 

with  5  cc.  of  test 

solution. 

0.1  N  HCl  neutralized 

by  NHj  from 

entire  test  solution. 

Reaction. 

Before 
incu- 
bation. 

After 
incu- 
bation. 

None. 

cc. 

pH 

7.4 

pH 
5.8 

None. 

38 
Hence  the  =o=  of  2  cc. 
of  0.1  N  NHs  was 
produced    by    the 
microorganisms. 

7.4 

5.6 

None. 

31 
Hence  the  o  of  5  cc. 
of  0.1  N  NHs  was 
used  by  the  micro- 
organisms. 

7.4 

5.7 

None. 

15.5 
Hence  the  ^  of  20.5 
cc.  of  0.1  N  NHs 
was  used  by   the 
microorganisms. 

7.4 

5.7 

None. 

32.5 
Hence  the  =0=  of  3.5 

cc.  of  0.1  N  NHs 
was  used   by   the 
microorganisms. 

7.4 

5.9 

0.10  cc.  =    7.0  mm. 
0.20    "   =  14.0    " 
Color    develops    like 
that  of  histamine. 

0.0235  of  hista- 
mine dichlo- 
ridein  the  en- 
tire test  solu- 
tion. 

14.5%  of  hista- 
mine present. 

0.35  cc.  Na  at 
22"    and    744 
mm. 

0.0317  gm.  his- 
tamine      di- 
chloride. 
19.6% 

35.5 
Hence  the  0  of  0.5 
cc.  of  0.1  N  NHs 
was  used   by   the 
microorganisms. 

7.4 

6.2 

None. 

27 
Hence  the  0  of  0  cc. 
of  0.1  N  NH,  was 
used  by  the  micro- 
organisms. 

7.4 

6.0 
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TABLE  VI- 
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Concluded. 


Color  value  of 
histamine  fraction.' 

Histidine  converted 

into  histamine 
(colorimetric  deter- 
mination). 

Histidine  converted 

into  histamine 

(Van  Slyke  method) 

with  5  cc.  of  test 

solution. 

0.1  nHCI  neutralized 

by  NHj  from 

entire  test  solution. 

Reaction. 

Before 
incu- 
bation. 

After 
incu- 
bation. 

None. 

cc. 

32.5 
Hence  the  <>  of  3.5 
cc.  of  0.1  N  NHs 
was  used   by   the 
microorganisms. 

PH 

7.3 

pH 

5.5 

None. 

38.5 
Hence  the  o  of  2.5 
cc.  of  0.1  N  NHs 
was  produced   by 
the      microorgan- 
isms. 

7.4 

5.6 

None. 

39 
Hence  the  ===  of  3  cc. 
of  0.1  N  NHs  was 
produced  by    the 
microorganisms. 

7.4 

5.4 

None. 

38 
Hence  the  o  of  2  cc. 
of  0.1  N  NH3  was 
produced    by    the 
microorganisms. 

7.4 

7.0 

None. 

37 
Hence  the  =c=  of  1  cc. 
of  0.1  N  NHs  was 
produced    by    the 
microorganisms. 

7.4 

5.5 
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TABLE  Yll^Colon 


Nsmeof  atrain. 


Bacillus     enterilidis 

228, 

7  days. 


14  days. 


Bacillus  typhosus. 


Bacillus  paratyphosus 
A3. 


Bacillus  paratyphosus 

A  4, 

7  days. 


14  days. 


Bacillus  paratyphosus 

A(K). 


Total  color  value  of 

teat  solution  of  histidine 

dichloride.* 

(0.20gm.  -  100%.) 


0.10  cc.  =    8.6  mm. 
0.20    "   =  17.1    " 
Match  perfect. 

86% 


0.10  cc.  =    4.0  mm 
0.20    "   =    8.0    " 
Match  poor. 
Color  too  yellow. 
40% 


0.10  cc.  =    9.6  mm. 
0.20    "    =  19.1     " 
Match  perfect. 

96% 


0.10  cc.  =    9.3  mm. 
0.20    "   =  18.6    " 
Match  perfect. 

93% 


0.10  cc.  =    8.2  mm. 
0.20    "    =  16.4    " 
Match  perfect. 

82% 


0.10  cc.  =    4.0  mm. 
0.20    "   =    8.0    " 
Match  good. 


40% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Color  too  pink  and  de- 
velops   too  rapidly 
for  histamine. 


Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0.20  gm.  -  100%.) 


0.10  CC.  =    8.0  mm. 
0.20    "   =  16.0    " 
Match  perfect. 

80% 


0.10  cc.  =    4.0  mm. 
0.20    "   =    8.0    " 
Match  good. 

40% 


0.10  cc.  =    8.5  mm. 
0.20    "   =  17.0    " 
Match  perfect. 

85% 


0.10  cc.  =    8.3  mm. 
0.20    "   =  16.7    " 
Match  perfect. 

83% 


0.10  cc.  =    8.2  mm. 
0.20    "    =  16.4    " 
Match  perfect. 

82% 


0.10  cc.  =    4.0  mm. 
0.20    "    =    8.0    " 
Match  good. 


40% 


0.10  cc.  =  10.0  mm. 
0.20    "    =  20.0    " 
Color  too  pink  and  de- 
velops too  rapidly 
for  histamine. 
100% 


Unchanged  histidine 

(Van  Slyke  method)  with 

5  CO.  of  test  solution. 


1.46  CC.  N»  at  29*' and 

746  mm. 
0.1584  gm.   histidine 

dichloride. 
79.2% 


1.25CC.  N,at23**and 

745  mm. 
0.140    gm.    histidine 

dichloride. 
70% 


1.35  cc.  Niat21*'and 

743  mm. 
0. 152    gm.    histidine 

dichloride. 
76% 


1.47  cc.  Nj  at  20°  and 

738  mm. 
0 .  1655  gm.  histidine 

dichloride. 

82.7% 


1.73CC.  N,at28°and 

746  mm. 
0.1886  gm.   histidine 

dichloride. 
94.3% 


1.95  cc.  N,  at  24'' and 

753  mm. 
0.2195  gm.   histidine 

dichloride. 
109.7% 


0.95  cc.  N,  at  24"  and 

753  mm. 
0.107    gm.    histidine 

dichloride. 
53.5% 


*  Colors  matched  against  the  (CR-MO)  standard. 
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Typhoid  Group. 


Histidine  con- 
verted into 
imidaiole 

Color  value 

of  histamine 

fraction.* 

Histidine  con- 
verted into 
histamine 
(Van  Slyke 

method)  with 

5  cc.  of  test 

solution. 

0.1  N  HCl  neutralized  by  NHa 
from  entire  test  solution. 

Reaction. 

propionic  acid 
(by  differ- 
ence). 

Before 
incuba- 
tion. 

After 
incuba- 
tion. 

None. 

None. 

None. 

cc. 

24.5 
Hence  the  =  of  11.5  cc.  of  0.1  n 
NH3  used  by  the  microorgan- 
isms. 

7.3 

pH 
6.0 

None. 

None. 

None. 

39.5 
Hence  the  0  of  15  cc.  of  0. 1  nNHs 
was  produced  during  the  second 
7  day  period. 

7.3 

5.2 

None. 

None. 

29 
Hence  the  =0:  of  7  cc.  of  0. 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

6.6 

None. 

None. 

None. 

31.5 
Hence  the  0  of  4.5  cc.  of  0.1  n 
NH3  was  removed  by  the  micro- 
organisms. 

7.3 

7.2 

None. 

None. 

None. 

39 
Hence  the  =0  of  3  cc.  of  0. 1  n  NH3 
was  produced  by  the  microor- 
ganisms. 

7.3 

6.4 

None. 

None. 

None. 

38 
Hence  the  =c^  of  1  cc.  of  0. 1  n  NHs 
was  removed  during  the  second 
7  day  period. 

7.3 

5.4 

0.034  gm. 
27.7% 

None 

None. 

30.5 
Hence  the  ^  of  5.5  cc.  of  0.10  n 
NHa  was  removed  by  the  micro- 
organisms. 

7.3 

6.8 
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TABLE  VII- 


Nameof  stniin. 


Bacillus     dysenterioe 
Flexner. 


Bacillus     dysenteries 
Morgan. 


Bacillus   dysenterice 
Shiga. 


Bacillus      fcecalis 

alcaligenes 

I. 


Bacillus    fcBcalis 

alcaligenes 

III, 

3  days. 


14  days. 


Total  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20 gm.  -  100%.) 


0.10  cc.  =  10.0  mm 
0.20    "   =  20.0    " 
Color  too  pink  and  de- 
velops too  rapidly 
for  histamine. 
100% 


0.10  cc.  =    9.5  mm. 
0.20    "   =  19.0    " 
Match  perfect,  color 
develops  rapidly. 
95% 


0.10  cc.  =  11.3  mm. 
0.20    "   =  22.6    " 
Color  too  pink  and  de- 
velops too  rapidly 
for  histamine. 
113% 


0.10  cc.  =    9.7  mm. 
0.20    "   =  19.4    " 
Color     slightly     too 
pink. 

97% 


0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0    " 
Match  good. 

90% 


0.10  cc.  =    9.2  mm. 
0.20    "   =  18.5    " 
Match  perfect. 

92% 


Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0  20gm.  -  100%.) 


0.10  CC.  =    9.6  mm. 
0.20    "   =  19.2    " 
Color  too  pink  and  de- 
velops too  rapidly 
for  histamine. 
96% 


0.10  cc.  =    7.8  mm. 
0.20    "   =  15.6    " 
Match  perfect,  color 
develops  rapidly. 

78% 


0.10  cc.  =    9.3  mm. 
0.20    "   =  18.5    " 
Color  too  pink  and  de- 
velops  too   rapidly 
for  histamine. 
93% 


0.10  cc.  =    7.0mm. 
0.20    "   =  14.0    " 
Color     slightly     too 
pink  for  histidine. 
70% 


0.10  cc.  =    7.0  mm. 
0.20    "   =  14.0    " 
Match  perfect. 

70% 


0.10  cc.  =    7.0  mm. 
0.20    "   =  14.0    " 
Match  perfect. 

70% 


Unchanged  histidine 

(Van  Slyke  method)  with 

5  CO.  of  test  solution. 


0.91  cc.  N,  at  22"  and 

745  mm. 
0.1025  gm.   histidine 

dichloride. 
51.2% 


1.15CC.  Njat22°and 

743  mm. 
0.129    gm.    histidine 

dichloride. 

65% 


1 .  24  cc.  N,  at  19"  and 

748  mm. 
0.1423 gm.  histidine 

dichloride. 

71.1% 


0.80  cc.  N,  at  23"  and 

749  mm. 
0.090    gm.    histidine 

dichloride. 

45% 


1.30CC.  N,  at23"and 

750  mm. 
0.1464  gm.   histidine 

dichloride. 
73.2% 


1.17  cc.  N«  at  23"  and 

749  mm. 
0.1317  gm.  histidine 

dichloride. 
66% 
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Concluded. 


Histidine  con- 
verted into 
imidazole 

Color  value 

of  histamine 

fraction.* 

Histidine  con- 
verted into 
histamine 
(Van  Slyke 

method)  with 

5  cc.  of  test 

solution. 

0  1  N  HCI  neutralized  by  NHs 
from  entire  test  solution. 

Reaction 

propionic  acid 
(by  differ- 
ence). 

Before 
incuba- 
tion. 

After 
incuba- 
tion. 

0.033  gm. 

27.1% 

None. 

None. 

cc. 

34.5 
Hence  the  =c=  of  1.5  cc.  of  0. 1  n 
NH3  was  removed  by  the  micro- 
organisms. 

pH 

7.3 

pH 
7.1 

0.010  gm. 

8.1% 

None. 

None. 

35.5 
Hence  the  0  of  0.5  cc.  of  0.1  n 
NH3  was  removed  by  the  micro- 
organisms. 

7.3 

7.0 

0.016  gm. 
13% 

None. 

None. 

33 
Hence  the  ^  of  3  cc.  of  0. 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.1 

0.018  gm. 
14.65% 

None. 

None. 

32.5 
Hence  the  =^  of  3.5  cc.  of  0.1  n 
NH3    was     removed    by    the 
microorganisms. 

7.3 

7.4 

None. 

None. 

None. 

32.5 
Hence  the  <^  of  3.5  cc.  of  0.1  n 
NH3  was  removed  by  the  mi- 
croorganisms. 

• 

7.3 

7.4 

None. 

None. 

None. 

33 
Hence  the  0  of  3  cc.  of  0 . 1  n  NH3 
was  removed  by   the  microor- 
ganisms. 

7.3 

7.6 
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B.  paratyphosus  A  S. — This  organism  grew  very  poorly  on  our  medium, 
apparently  because  an  available  carbon  source  was  lacking.  Both  the 
glycerol  and  the  histidine  remained  largely  unattacked.  Histamine,  other 
imidazoles,  and  acid  were  not  formed.  Of  the  ammonia  originally  intro- 
duced, 13  per  cent  was  removed  by  the  bacilli. 

B.  paratyphosus  A  4- — This  organism  grew  far  better  than  B.  para- 
typhosus A  3.  Some  of  the  glycerol  was  metabolized  with  the  production 
of  acid.  The  imidazole  ring  was  ruptured  to  a  considerable  extent  with 
the  formation  of  carboxylated  amino  compounds  and  ammonia.  Hista- 
mine and  other  imidazoles  were  not  formed. 

B.  paratyphosus  A  (K). — This  organism  deaminized  histidine  with  the 
formation  of  imidazole  acetic,  propionic,  lactic,  or  acrylic  acids  because 
the  color  produced  by  the  histidine  fraction  was  far  too  red  for  histidine 
and  the  amino  nitrogen  value  was  much  lower  than  the  colorimetric  value. 
If  we  assume  that  the  amino  nitrogen  was  derived  exclusively  from  histidine, 
the  presence  of  a  maximum  of  53.5  per  cent  of  that  substance  is  indicated. 
Colorimetrically  this  would  give  a  reading  of  5.35  mm.  (CR  —  MO)  for 
OJO  cc.  of  the  diluted  test  solution.  The  reading  obtained  was  10.0  mm. 
(CR  —  MO)  for  0.10  cc.  The  difiference  between  these  two  readings — 
4.65  mm.  (CR  —  MO)  or 5.12  mm.  (CR)* — must  have  been  due  to  either 
imidazole  acetic,  propionic,  lactic,  or  acrylic  acids.  Which  of  these  acids 
was  present  was  not  determined;  but  the  excess  color  value  was  calculated 
as  imidazole  propionic  acid  using  the  table  that  was  previously  published 
for  that  substance.  The  calculations  show  that  0.034  gm.  of  imidazole 
propionic  acid  was  present;  hence  27.7  per  cent  of  the  histidine  originally 
introduced  was  deaminized. 

This  organism  grew  poorly,  used  glycerol  to  only  a  small  extent,  pro- 
duced very  little  acid,  and  removed  the  equivalent  of  16  per  cent  of  the 
ammonia  originally  introduced.    Histamine  was  not  formed. 

B.  dysenteric  Flexner,  Morgan,  and  Shiga. — The  three  classes  of  dysen- 
tery bacilli  can  most  advantageously  be  discussed  together  because, 
although  the  results  are  quantitatively  somewhat  different,  they  are 
qualitatively  identical.  In  every  case  the  color  obtained  with  the  histi- 
dine fraction  was  too  red  to  have  been  due  only  to  histidine.  The  color- 
imetric values  were  higher  than  the  amino  nitrogen  values  on  this  fraction; 
hence  histidine  was  not  the  only  imidazole  present.  When  the  discrep- 
ancies between  the  values  obtained  colorimetrically  and  by  the  amino 
nitrogen  method  are  calculated  as  imidazole  propionic  acid,  the  presence 
of  0.033  gm.  (27.1  per  cent),  0.01  gm.  (8.1  per  cent),  and  0.016  gm.  (13  per 
cent)  of  this  substance  is  indicated  for  Flexner,  Morgan,  and  Shiga 
respectively. 

These  organisms  grew  poorly,  used  glycerol  only  to  a  small  extent, 
produced  practically  no  acid,  and  removed  very  little  ammonia  from  the 
solution.    Histamine  was  not  formed. 

•  The  (CR)  standard  is  {^  as  intense  as  the  (CR  —  MO)  standard. 
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B.fcecalis  alcaligencs  I. — The  color  obtained  with  the  histidine  fraction 
was  too  red  for  histidine  and  the  amino  nitrogen  value  was  25  per  cent 
lower  than  the  colorimetric  value.  This  suggests  the  presence  of  imidazole 
acetic,  propionic,  lactic,  or  acrylic  acids.  When  the  discrepancy  between 
the  values  obtained  colorimetrically  and  by  the  amino  nitrogen  method 
are  calculated  as  imidazole  propionic  acid,  the  presence  of  O.OIS  gm.  (14.65 
per  cent)  of  this  substance  is  indicated. 

This  organism  grew  so  poorly  that  the  medium  was  almost  clear  after 
14  days  of  incubation.  Some  of  the  bacilli  were,  nevertheless,  alive  at 
the  end  of  this  period.  Little  or  no  use  was  made  of  the  glycerol,  and 
acid  was  not  produced.  Of  the  ammonia  originally  introduced,  90  per 
cent  was  recovered .    Histamine  was  not  formed . 

B.  fcFcalis  alcaligenes  III. — This  organism  grew  about  as  poorly  as 
B.fcecalis  alcaligenes  I.  During  the  first  3  days,  30  per  cent  of  the  histidine 
was  removed.  After  that  there  was  practically  no  change  in  the  histidine 
content  of  the  liquid.  Imidazole  propionic  acid  and  histamine  were  not 
formed.  Of  the  ammonia  originally  introduced,  90  per  cent  was  recovered. 
The  slight  production  of  alkalinity  during  the  las  11  days  of  incubation 
may  have  been  caused  by  autolytic  changes  because  apparently  the  active 
life  of  the  organisms  came  to  an  end  after  3  days  of  meager  growth. 

PART   III. 

On  the  Products  Formed  from  Histidine  by  the  Action  of  Organisms 
Other  than  Those  Belonging  to  the  Colon  Typhoid  Groups. 

The  organisms  investigated  were  Bacillus  mucosus  capsulatus 
(2  strains),  Bacillus  bifidus,  Bacillus  influenzal,  Bacillus  proteus 
vulgaris  (2  strains),  Bacillus  cloacce,  Streptococcus  hcemolyticus, 
(2  strains),  Pneumococcus  Types  I,  II,  III,  and  IV,  and  Bacillus 
tuberculosis  (5  strains) .  The  behavior  of  these  organisms  on  our 
synthetic  medium  is  summarized  in  Table  VIII. 

B.  mucosus  capsulatu.'^.— An  excellent  growth  was  obtained.  This 
organism  attacked  the  histidine  immediately  and  so  effectively  that  75 
per  cent  of  it  was  destroyed  in  14  days.  The  histidine  seems  to  have  been 
attacked  because  of  its  nitrogen.  The  following  facts  led  us  to  this  con- 
clusion: 

1 .  The  ammonia  concentration  remained  practically  unclianged  through- 
out the  entire  course  of  the  experiment  in  spite  of  the  fact  that  an  unusu- 
ally abundant  growth  was  obtained.  The  nitrogen  requirements  of  the 
organism  must,  therefore,  have  been  obtained  from  the  histidine. 

2.  Although  the  histidine  was  largely  removed  from  the  solution,  none 
of  its  nitrogen  appeared  as  ammonia  and  only  a  very  small  amoimt  of  it 
appeared  in  the  amino  condition.  During  the  first  few  days,  all  of  the 
nitrogen  derived  from  the  disrupted  histidine  was  consumed.     Toward  the 
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TABLE  yill-Miscfi 


Nain«  of  strain. 


Bacillus         mttcosus 
capsulatus    L.    S., 
3  days. 


14  days. 


Bacillus  mucosus 
capsulatus  L.  S. 
plus  0.10  gm.  leu- 
cine, 14  days. 


Bacillus         mucosus 
capsulatus   27  (S), 
S  days. 


5  days. 


8  days. 


Bacillus     bifidus,    14 
days. 


Total  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20  gm.  -  100%.) 


0.10  cc.  =    8. 2  mm. 
0.20    "   =  16.4    " 
Match  perfect. 

82% 


0.10  cc.  =    2.8  mm. 
0.20    "   =    5.6    " 
Match  fair. 

28% 


0.10  cc.  =    8.0  mm. 
0.20    "   =  16.0    " 
Match  good. 

80% 


0.10  cc.  =    8.4  mm. 
0.20    "   =  16.8    " 
Match  perfect. 

84% 


0.20  cc.  =    5.8  mm. 
0.40    "   =  11.6    " 
Match  good. 

29% 


0.50  cc.  =    2.4  mm. 
Color  brownish  yel- 
low.   Match   poor. 
4.8% 


0.10  cc.  =  10.0  mm. 
0.20    "    =  20.0    " 
Match  perfect. 

100% 


Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0  20gm.  -  100%.) 


0.10  cc.  =    7.3  mm. 
0.20    "   =  14.5    " 
Match  perfect. 

73% 


0.20  cc.  =    5.1  mm. 
0.40    "   =  10.2    " 
Match  good. 

25.5% 


0.10  cc.  =    7.5  mm. 
0.20    "   =  15.0    " 
Match  good. 

75% 


0.10  cc.  =    7.5  mm. 
0.20    "    =  15.0    " 
Match  perfect. 

75% 


0.20  cc.  =    4.9  mm. 
0.40    "   =    9.8    " 
Match  good. 

23% 


0.50  cc.  =    2.0  mm. 
1.00    "   =    4.0    " 
Match  good. 

4.0% 


0.10  cc.  =    8.7  mm. 
0.20    "   =  17.4    " 
Match  perfect. 

87% 


Unchanged  histidine 

(Van  Slyke  method)  witli 

5  cc.  of  test  solution. 


1 .  33  CC.  N,  at  18°  and 

750  mm. 
0.1535  gm.  histidine 

dichloride. 
76.8% 


0.75CC.  N,at25''and 

745  mm. 
0.083    gm.    histidine 

dichloride. 
41.5% 


1.46  cc.  N,  at  21"  and 

742  mm. 
0.1655  gm.   histidine 

dichloride. 
82.7% 


0.46  cc.  Nj  at  23°  and 

752  mm. 
0.052    gm.    histidine 

dichloride. 
26% 


0.80  cc.  N,  at  21"  and 

737  mm. 
0.0894  gm.   histidine 

dichloride. 

44.7% 


0.75  cc.  N,  at  21°  and 

737  mm. 
0.0838  gm.   histidine 

dichloride. 
41.9% 


1.55  cc.  Nj  at  23°  and 

744  mm. 
0.173    gm,    histidine 

dichloride. 
86.5% 


*  Colore  matched  against  the  (CR-MO)  standard. 
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laneus  Organisms. 


Histidine  con- 
rerted  into 

Color  value 

of  histamine 

fraction.* 

Histidine  con- 
verted into 
histamine 
(Van  Slyke 

method)  with 

5  cc.  of  test 

solution. 

0. 1  N  HCl  neutralized  by  NHs 
from  entire  test  solution. 

Reaction. 

propionic  acid 
(by  differ- 
ence). 

Before 
incuba- 
tion. 

After 
incuba- 
tion. 

None. 

None. 

None. 

cc. 

36.7 
Hence  the  <^  of  0.7  cc.  of  0.1  n 
NHs  was  produced. 

7.3 

pH 

6.2 

None. 

None. 

None. 

36.7 
An    ammonia    equilibrium    was 
established    after   7    days    of 
growth. 

7.3 

6.8 

None. 

None. 

None. 

34 
Hence  the  o  of  2  cc.  of  0 . 1  n  NHj 
was  removed  by  the  microor- 
ganisms. 

7.3 

5.4 

0.0365  gm. 
29.7% 

None. 

None. 

38.5 
Hence  the  ^  of  2.5  cc.  of  0.1  n 
NHs    was    produced    by    the 
microorganisms. 

7.3 

7.2 

None. 

None. 

None. 

44 
Hence  the  <^  of  8  cc.  of  0. 1  n  NHj 
was  produced  by  the  microor- 
ganisms. 

7.3 

7.1 

None. 

None. 

None. 

49 
Hence  the  o  of  13  cc.  of  0.1  n 
NHj    was    produced    by    the 
microorganisms. 

7.3 

7.0 

None. 

None. 

None. 

32.5 
Hence  the  o  of  3.5  cc.  of  0.1  n 
NHj  was  removed  by  the  micro- 
organisms. 

7.3 

7.1 
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TABLE  VIII- 


Name  of  strain. 


Bacillus      infiuemoB, 
14  days. 


Bacillus  proieus  vul- 
garis  186, 
7  days. 


14  days. 


Bacillus  proieus  vul- 
garis A.  I.  K.,  14 
days. 


Bacillus  cloaccB  I,  14 
days. 


Streptococcus    hosmo- 
lyticus  4A,  14  days. 


Streptococcus  hcemo- 
lyticus  II  K,  14 
days. 


Total  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20  gm.  -  100%.) 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 


0.10  cc.  =    7.6  mm. 
0.20    "   =  15.2    " 
Match  good. 

76% 


0.20  cc.  =    9.0  mm. 
0.30    "   =  13.7    " 
Color  too  yellow  for 
histidine. 

45% 


0.10  cc.  =    8.1  mm. 
0.20    "   =  16.2    " 
Match  perfect. 

81% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 


Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0.20  gm.  -  100%.) 


0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0    " 
Match  perfect. 

90% 


0.10  cc.  =    6.9  mm. 
0.20    "   =  13.7    " 
Match  good. 

69% 


0.20  cc.  =    9.0  mm. 
0.30    "   =  13.5    " 
Match    fair.      Color 
slightly  too  yellow. 

45% 


0.10  cc.  =    7.4  mm. 
0.20    "   =  14.7    " 
Match  perfect. 

74% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 


0.10  cc.  =    8.5  mm. 
0.20    "   =  17.0    " 
Match  perfect. 

85% 


0.10  cc.  =    8.4  mm. 
0.20    "   =  16.8    " 
Match  perfect. 

84% 


Unchanged  histidine 

(Van  Slyke  method)  with 

6  cc.  of  teet  solution. 


1.55  cc.  Nj  at  32**  and 

746  mm. 
0.165    gm.    histidine 

dichloride. 

82.5% 


1.13CC.  N,at21°and 

754  mm. 
0.1294  gm.   histidine 

dichloride. 

64.7% 


0.78CC.  N,at2rand 

752  mm. 
0.089    gm.    histidine 

dichloride. 
44.5% 


2.20  cc.  Na  at  20"  and 

738  mm. 
0.2475  gm.   histidine 

dichloride. 

123.7% 


1.85  cc.  Ni  at  26**  and 

745  mm. 
0.2036  gm.  histidine 

dichloride. 
101.8% 


1.51CC.  N,at22''and 

748  mm. 
0.1705  gm.   histidine 

dichloride. 
85.2% 


1.65CC.  N,  at28''and 

746  mm. 
0.180    gm.    histidine 

dichloride. 
90% 
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Continued. 


Histidine  con- 
verted into 
imidazole 

Color  value 

of  histamine 

fraction.* 

Histidine  con- 
verted into 
histamine 
(Van  .-lyke 

method)  with 

5  cc.  of  test 

solution. 

0.1  N  HCl  neutralized  by  NHs 
from  entire  test  solution. 

Reaction. 

propionic  acid 
(by  differ- 
ence). 

Before 
incuba- 
tion. 

After 
incuba- 
tion. 

None. 

None. 

cc. 

31.5 
Hence  the  -  of  4.5  cc.  of  0.1  n 
NH3  was  removed  by  the  micro- 
organisms. 

pH 
7.3 

7.3 

None. 

None. 

None. 

35 
Hence  the  ^  of  1  cc.  of  0. 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.2 

None. 

None. 

None. 

40 
Hence  the  0  of  4  cc.  of  0. 1  n  NH3 
was  produced  by  the  microor- 
ganisms. 

7.3 

7.1 

None. 

None. 

None. 

28 
Hence  the  =0  of  8  cc.of  0 . 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

5.2 

None. 

None. 

None. 

30 
Hence  the  0  of  6  cc.  of  0. 1  n  NHj 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.5 

None. 

None. 

None. 

32.5 
Hence  the  0  of  3.5  cc.  of  0.1  n 
NHs  was  removed  by  the  micro- 
organisms. 

7.3 

7.3 

None. 

None. 

None. 

33 
Hence  the  0  of  3  cc.  of  0. 1  n  NHj 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.4 
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TABLE  VIII- 


Name  of  itrain. 

Total  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20  gm.  -  100%.) 

Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0.20  gm.  -  100%.) 

Unchanged  histidine 

(Van  Slyke  method)  with 

5  cc.  of  test  solution. 

Pneumococcus  Type 
I,  14  days. 

0.10  CC.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  CC.  =    8.4  mm. 
0.20    "   =  16.8    " 
Match  perfect. 

84% 

1.48CC.  N,at21°and 

750  mm. 
0.1684  gm.  histidine 

dichloride. 

84.2% 

Pneumococcus  Type 
I    plus    0.10    gm. 
leucine,    14    days. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.6  mm. 
0.20    "   =  17.2    " 
Match  perfect. 

86% 

1.54CC.  N,at29"and 

746  mm. 
0.167    gm.    histidine 

dichloride. 

84% 

Pneumococcus  Type 
II,  14  days. 

0.10  cc.  =    9.5  mm. 
0.20    "   =  19.0    " 
Match  perfect. 

95% 

0.10  cc.  =    7.8  mm. 
0.20    "   =  15.5    " 
Match  perfect. 

78% 

1.38  cc.  N J  at  32*' and 

748  mm. 
0.1475gm.    histidine 

dichloride. 

74% 

Pneumococcus  Type 
II    plus   0.10   gm. 
leucine,    14    days. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.9  mm. 
0.20    "   =  17.8    " 
Match  perfect. 

89% 

2.05CC.  N,at32*and 

746  mm. 
0.2185  gm.  histidine 

dichloride. 
109.2% 

Penumococcus  Type 
III,  14  days. 

0.10  cc.  =    9.5  mm. 
0.20    "   =  19.0    " 
Match  perfect. 

95% 

0.10  cc.  =    7.9  mm. 
0.20    "   =  15.8    " 
Match  perfect. 

79% 

1.65CC.  N,at32*and 

748  mm. 
0.1765  gm.   histidine 

dichloride. 

88.2% 

Pneumococcus  Type 
III  plus  0.10  gm. 
leucine,    14    days. 

0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Match  perfect. 

100% 

0.10  cc.  =    8.5  nmi. 
0.20    "   =  17.0    " 
Match  perfect. 

85% 

1.81CC.  Niat32''and 

748  mm. 
0.1935  gm.   histidine 

dichloride. 
96.8% 

Pneumococcus  Type 
IV,   14  days. 

0.10  cc.  =    9.7  mm. 
0.20    "   =  19.3    " 
Match  perfect. 

97% 

0.10  cc.  =    8.0  mm. 
0.20    "   =  16.0    " 
Match  perfect. 

80% 

1.47CC.  N«at31'*and 

748  mm. 
0. 158    gm.    histidine 

dichloride. 
79% 
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Continued. 


Histidine  con- 
verted into 
imidazole 

Color  value 

of  histamine 

fraction.* 

Histidine  con- 
verted into 
histamine 
(Van  Slyke 
method)  with 
5  cc.  of  tost 
solution. 

0  1  N  HCl  neutralized  bv  NII3 

Pioaction. 

propionic  acid 
(by  differ- 
ence). 

from  entire  test  solution.                  ! 

l^cfore 

incviha- 

tion. 

After 

i  rfcuba- 

tion. 

None. 

None. 

None. 

en. 

33 
Hence  the  <^  of  3  cc.  of  0. 1  N  NTI3 
was  removed  by  the  microor- 
ganisms. 

pll 

7.3 
7.3 

pll 

7.1 

None. 

None. 

None. 

33 
Hence  the  o  of  3  cc.  of  0. 1  n  NH3 
was  removed  b}-  the  microor- 
ganisms. 

7.0 

None. 

None. 

None. 

33 
Hence  the  -  of  3cc.  ofO.lNNHg 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.0 

None. 

None. 

None. 

32 
Hence  the  0  of  4  cc.  of  0. 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.0 

None. 

None. 

None. 

32 
Hence  the  -  of  4  cc.  of  0. 1  n  NRg 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.0 

None. 

None. 

None. 

32 
Hence  the  ^  of  4  cc.  of  0. 1  .\  KU3 
was  removed  b}-^  the  microor- 
ganisms. 

7.3 

7.1 

None. 

None. 

None. 

33 
Hence  the  0  of  3cc.  of  0.1  nNHj 
was  removed  by   the  microtr- 
ganisms. 

7.3 

7.1 
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TABLE  VIII— 


Name  of  strain. 


Pneumococcus  Type 
IV  plus  0.10  gm. 
leucine,    14    days. 


Bacillus  tuberculosis 
H.  Sp.,  45  days. 


Bacillus  tuberculosis 
1305,    45   days. 


Bacillus   tuberculosis 
3161,    45   days. 


Bacillus   tuberculosis 
O.  H.,  45  days. 


Bacillus   tuberculosis 

(Novy)  Kx, 

5  days. 


45  days. 


Total  color  value  of 

test  solution  as  histidine 

dichloride.* 

(0.20  gm.  -  100%.) 


0.10  cc.  =    9.7  mm. 
0.20    "   =  19.4    " 
Match  perfect. 

97% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Color  too  red  for  his- 
tidine. 

100% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Color  too  red  for  his- 
tidine. 

100% 


0.10  cc.  =    9.6  mm. 
0.20    "   =  19.3    " 
Color  too  red  for  his- 
tidine. 

96% 


0.10  cc.  =  10.0  mm. 
0.20    "   =  20.0    " 
Color  too  red  for  his- 
tidine. 

100% 


0.10  cc.  =    5.8  mm. 
0.20    "   =  11.5    " 
Match  fair.       Color 
too  yellow. 
58% 


1.00  cc.  =  15.0  mm. 
Color  brown.    Match 
poor. 

15% 


Color  value  of  histidine 
fraction  as  histidine 

dichloride.* 
(0.20  gm.  -  100%.) 


0.10  cc.  =    7.9  mm. 
0.20    "   =  16.0    " 
Match  perfect. 

79% 


0.10  cc.  =    9.0  mm. 
0.20    "   =  18.0    " 
Color  too  red  for  his- 
tidine. 

90% 


0.10  cc.  =    9.5  mm. 
0.20    "   =  19.0    " 
Color  too  red  for  his- 
tidine. 

95% 


0.10  cc.  =    8.1  mm. 
0.20    "   =  16.2    " 
Color  too  red  for  his- 
tidine. 

81% 


0.10  cc.  =    9.5  mm. 
0.20    "   =  19.0    " 
Color  too  red  for  his- 
tidine. 

95% 


0.10  cc.  =    4.7  mm. 
0.20    "   =    9.2    " 
Match  fair.       Color 
too  yellow. 
47% 


1.00  cc.  =  12.0  mm. 
Color  brown.    Match 
poor. 

12% 


Unchanged  histidine 

(Van  Slyke  method)  with 

5  cc.  of  test  solution. 


1.60  cc.  Ns  at  31*"  and 

748  mm. 
0.172    gm.    histidine 
dichloride. 

86% 


1.23CC.  N,at22°and 

756  mm. 
0.140    gm.    histidine 

dichloride. 
70% 

0.95  cc.  N J  at  20"  and 

750  mm. 
0.1085  gm.   histidine 

dichloride. 

54.2% 


0.95CC.  Naat20''and 

752  mm. 
0.109    gm.    histidine 

dichloride. 
54.5% 


1.09CC.  N,at21°and 

761  mm. 
0.126    gm.    histidine 

dichloride. 
63% 


1.27CC.  Niatl8'*and 

740  mm. 
0.1446  gm.   histidine 

dichloride. 

72.3% 


0.81CC.  N,at21**and 

762  mm. 
0.0936  gm.   histidine 

dichloride. 
46.8% 
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Concluded. 


Histidine  con- 
verted into 

Color  value 

of  histamine 

fraction.* 

Histidine  con- 
verted into 
histamine 
(Van  Slyke 
method)  with 
5  cc.  of  test 
solution. 

0.1  N  HCl  neutralized  by  NH| 
from  entire  test  solution. 

Reaction. 

propionic  acid 
(by  differ- 
ence). 

Before 
incuba- 
tion. 

After 
incuba- 
tion. 

None. 

None. 

None. 

cc. 

32 
Hence  the  =0=  of  4  cc.  of  0 . 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

pH 

7.3 

pH 

7.0 

0.015   gm. 

12.2% 

None. 

None. 

27 
Hence  the  <s  of  9  cc.  of  0. 1  xN  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.0 

0.030  gm. 

24.5% 

None. 

None. 

28.5 
Hence  the  0  of  7.5  cc.  of  0.1  n 
NH3  was  removed  by  the  micro- 
organisms. 

7.3 

7.1 

0.020  gm. 
16.3% 

None. 

None. 

31 
Hence  the  =c=  of  5  cc.  of  0. 1  n  NH3 
was  removed  by  the  microor- 
ganisms. 

7.3 

7.2 

0.023  gm. 

18.7% 

None. 

None. 

32.5 
Hence  the  0  of  3.5  cc.  of  0.1  n 
NH3  was  removed  by  the  micro- 
organisms. 

7.3 

6.9 

None. 

None. 

None. 

38.5 
Hence  the  0  of  2.5  cc.  of  0.1  n 
NH3  was  produced  by  the  mi- 
croorganisms. 

7.3 

7.2 

None. 

None. 

None. 

37.5 
Hence  the  0  of  1  cc.  of  0. 1  n  NHs 
was  removed  during  the  40  day 
period. 

7.3 

6.8 
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end  of  the  2  week  period  non-volatile  amino  nitrogen  was  liberated  slightly 
faster  than  it  was  being  consumed. 

3.  When  leucine  was  added  to  the  medium,  along  with  the  histidine,  the 
growth  of  the  organisms  was  augmented;  but  it  was  the  leucine  nitrogen 
that  was  removed  from  the  solution,  the  histidine  being  largely  unat- 
tacked.  That  the  leucine  nitrogen  was  removed  is  proved  by  the  fact  that 
the  amino  nitrogen  value  on  the  histidine  fraction  ran  only  slightly  higher 
than  the  colorimetric  value  for  histidine. 

One  might  be  led  to  assiune  that  this  organism  cannot  use  ammonia 
to  satisfy  its  nitrogen  requirements.  This  is,  however,  not  the  case  because 
a  very  good  growth  is  obtained  in  a  medium  containing  only  glycerol  and 
ammonium  chloride  together  with  the  usual  inorganic  salts.  In  this  case 
considerable  ammonia  is  removed  by  the  microorganisms.  It  seems  that 
this  organism  used  amino  nitrogen  in  preference  to  ammonia  nitrogen. 
Histamine  and  other  imidazoles  were  not  formed. 

In  addition  to  the  above  stock  culture,  two  strains  of  Bacillus  mucosits 
capsulatus  were  isolated  in  this  laboratory,  from  the  feces  of  two  cases  of 
colitis.  They  were  quantitatively  almost  identical  in  their  action.  The 
horizontal  Columns  4,  5,  and  6  contain  a  summary  of  the  behavior  of  one 
of  them. 

An  excellent  growth  was  obtained.  The  amino  nitrogen  value  of  the 
histidine  fraction,  obtained  after  3  days  of  incubation,  shows  that  a  maxi- 
mum of  only  26  per  cent  of  unchanged  histidine  could  have  been  present. 
The  color  obtained  with  this  fraction  was  too  red  to  have  been  exclusively 
due  to  histidine,  and  the  color  value  was  far  too  high  to  agree  with  the 
amino  nitrogen  value;  hence  the  presence  of  imidazole  acetic,  propionic, 
lactic,  or  acrylic  acids  is  indicated.  This  discrepancy  between  the  color 
value  and  the  amino  nitrogen  value  is  equal  to  0.0365  gm.  (29.7  per  cent) 
calculated  as  imidazole  propionic  acid.  This  organism  therefore  attacks 
the  histidine  in  two  distinct  ways  to  obtain  nitrogen.  Some  of  the  mole- 
cules are  deaminized,  others  suffer  a  nuclear  disruption.  Some,  but  not 
much,  ammonia  is  generated  during  the  first  3  days. 

During  the  next  2  days  the  imidazole  propionic  (?)  acid  formed  at  first 
was  destroyed  with  the  liberation  of  some  non-volatile  primary  amine  and 
considerable  ammonia.  The  color  obtained  with  the  histidine  fraction 
in  this  case  was  just  like  that  obtained  with  histidine.  We  have  assumed, 
therefore,  that  the  color  was  at  least  largely  due  to  histidine.  If  this  con- 
clusion is  correct,  the  attack  during  this  2  day  period  was  directed  almost 
exclusively  against  the  imidazole  propionic  acid  formed  during  the  first 
3  days. 

During  the  next  2  days  the  remaining  histidine  was  destroyed  almost 
completely  with  the  liberation  of  ammonia.  Histamine  was  not  formed 
at  any  time. 

The  three  strains  of  Bacillus  mucosus  capsulatus  studied  by  us  satisfied 
their  nitrogen  requirements  at  the  expense  of  the  amino-acid  histidine 
in  preference  to  ammonia.  Two  of  the  strains  deaminized  histidine  and 
ruptured  the  nucleus  simultaneously.  The  other  strain  merely  ruptured 
the  nucleus.    Glycerol  was,  in  every  case,  the  chief  source  of  carbon. 
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B.  hifidus. — 'This  organism  grew  very  poorly  on  our  medium,  apparently 
because  an  available  carbon  source  was  lacking.  The  glycerol  originally 
introduced  seemed  not  to  have  been  attacked.  Of  the  histidine  originally 
introduced,  87  per  cent  was  recovered.  There  is  no  evidence  that  the 
nucleus  was  ruptured .  The  equivalent  of  90  per  cent  of  the  initial  ammonia 
was  recovered.  Histamine  was  not  formed.  When  leucine  was  added  to 
the  medium  the  organisms  grew  for  a  few  days  during  which  time  all  the 
leucine  nitrogen  disappeared  and  some  acid  was  produced.  Histamine  was 
not  produced  in  this  case. 

B.  influenza-. — This  organism  grew  very  poorly  on  our  medium.  There 
is  slight  evidence  for  the  formation  of  imidazole  propionic  (etc.)  acids. 
Of  the  ammonia  originally  introduced,  91  per  cent  was  recovered.  Acid 
was  not  produced ;  glycerol  was  not  utilized. 

When  leucine  (0.10  gm.)  was  added  to  the  medium,  the  organisms  grew 
for  a  few  days.  They  apparently  found,  in  leucine,  an  easily  available 
source  of  carbon  and  nitrogen  because  none  of  the  leucine  nitrogen  could 
be  accounted  for  at  the  end  of  14  days.  In  this  case  95  per  cent  of  the 
histidine  originally  introduced  was  recovered.  Histamine  was  not  formed 
in  any  case. 

B.  protcus  vulgaris  186. — This  organism  grew  poorly  on  our  medium 
apparently  because  an  easily  available  source  of  carbon  was  lacking.  Acid 
was  not  produced;  glycerol  was  not  attacked.  The  histidine  was  pro- 
gressively destroyed,  the  excess  nitrogen  appearing  as  ammonia.  The 
organisms  must,  therefore,  have  destroyed  the  histidine  to  obtain  carbon. 
Histamine  and  other  imidazoles  were  not  formed. 

B.  proteus  vulgaris  A.  I.  K. — This  organism  grew  very  well  on  our 
medium.  Glycerol  was  consumed  and  acids  were  produced.  The  great 
discrepancy  between  the  color  and  amino  nitrogen  values  for  histidine 
is  good  evidence  that  a  carboxylated  amino  compound  was  produced  from 
the  histidine.  Since  this  organism  was  able  to  use  ammonia  as  a  source 
of  nitrogen,  the  excessive  amine  production  could  hardly  have  been  re- 
sorted to  because  of  the  nitrogen  thus  rendered  available.  The  amines 
were  more  probably  produced  to  lower  the  hydrogen  ion  concentration 
of  the  cell  protoplasm.  The  equivalent  of  77  per  cent  of  the  anmionia 
originally  introduced  was  recovered.  Histamine  and  other  imidazoles 
were  not  formed. 

B.  cloaca'  I. — As  far  as  wc  could  tell,  this  organism  died  shortly  after 
it  was  introduced  into  our  medium.  The  histidine  and  the  glycerol  were 
not  attacked. 

Streplococcus  furmolyticus  4A  and  1 1  /^.--Neither  of  these  organisms  gre.v 
perceptibly  on  our  medium  although  they  were  still  alive  at  the  end  of 
14  days,  (llycerol  was  not  consumed;  acid  was  not  ]>roduced.  About 
85  per  cent  of  tlie  histidine  originally  introduced  was  recovered  in  each 
case.  Tiie  initial  ammonia  concentration  was  reduced  by  only  10  ])er  cent. 
Histamine  and  other  imidazoles  were  not  formed. 

The  results  obtained  with  a  strain  oi  Slr(  ptococcus  riridatus  were  quanti- 
tatively almost  identical  with  those  obtained  above. 
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PneumococH,  Types  I,  II,  III,  and  IV. — These  organisms  grew  poorly 
on  our  medium.  They  removed  15  to  20  per  cent  of  the  histidine  originally 
introduced  in  such  a  way  that  the  nitrogen  cannot  be  accounted  for  either 
as  NH|  or  as  NIIj.  There  is  no  evidence  that  a  nuclear  rupture  occurred. 
The  constancy  of  the  ammonia  value  indicates  strongly  that  these  organ- 
isms do  not  use  it  as  a  source  of  nitrogen .  Histamine  and  other  imidazoles 
were  not  formed. 

When  leucine  (0.10  gm.)  was  added  to  the  medium  the  organisms  multi- 
plied rapidly  for  a  few  days.  The  addition  of  leucine  had  no  effect  upon 
the  NHj  and  pH  values  and  the  histidine  was  removed  to  about  the  same 
extent  as  in  the  Icucine-free  medium.  The  leucine,  however,  was  almost 
completely  destroyed  in  every  case.  This  would  seem  to  indicate  that 
leucine  is  a  good  source  of  nitrogen  and  carbon  for  the  pneumococcus  while 
histidine,  ammonia,  and  glycerol  are  poor  sources  of  these  elements. 

B.  tyherciilosis  H.Sp.,  1S05,  S161,  and  O.H. — These  four  strains  of  tuber- 
cle bacilli  gave  results  that  were  qualitatively  identical  though  quantita- 
tively somewhat  different.  In  every  case  there  is  good  evidence  that 
imidazole  acetic,  propionic,  lactic,  or  acrylic  acids  were  present.  The 
color  obtained  with  the  histidine  fraction  was  too  red  for  histidine.  The 
values  obtained  for  histidine  by  the  amino  nitrogen  method  were  always 
decidedly  lower  than  those  obtained  colorimetrically.  The  discrepancies 
between  the  color  values  and  the  amino  nitrogen  values  are  equal  to 
0.015  gm.  (12.2  per  cent)  for  H.Sp.,  0.030  gm.  (24.5  per  cent)  for  No.  1305, 
0.02  gm.  (16.3  per  cent)  for  No.  3161,  and  0.023  gm.  (18.7  per  cent)  for  O.H., 
calculated  as  imidazole  propionic  acid.  The  organisms  grew  very  well  on 
the  surface  of  our  medium.  An  excess  of  acid  was  not  produced  during 
this  time  interval  although  the  glycerol  had  been  largely  destroyed.  The 
ammonia  consumption  was  distinctly  different  in  the  four  cases,  varying 
from  40  per  cent  in  the  case  of  H.Sp.  to  only  10  per  cent  in  the  case  of  O.H. 
Histamine  was  not  produced  in  any  case. 

A  striking  contrast  to  these  four  organisms  was  that  of  a  fifth  strain 
which  is  widely  known  as  Ki.  This  organism  has  been  grown  on  synthetic 
media  for  so  long — about  40  years — that  it  has  lost  its  virulence  entirely. 
It  grows  excellently  on  our  medium,  the  growth  not  being  confined  to  the 
surface.  Chemically  it  did  not  behave  like  a  typical  tubercle  bacillus  as 
can  be  seen  by  examining  the  last  two  horizontal  columns  of  Table  VIII. 
This  organism  attacked  the  histidine  immediately  and  so  effectively  that 
53  per  cent  of  it  had  been  destroyed  at  the  end  of  5  days  of  incubation. 
Some  of  the  histidine  nitrogen  was  converted  into  ammonia;  some  appeared 
as  a  non-volatile,  carboxylated  amine.  After  45  days  of  incubation  only 
12  per  cent  of  the  histidine  originally  introduced  remained.  An  excess  of 
acid  was  not  formed  although  the  glycerol  had  been  destroyed.  Imidazole 
propionic  acid  and  histamine  were  not  produced. 

In  concluding  this  part  of  the  work  we  wish  to  call  special 
attention  to  the  fact  that  these  experiments  have  all  been  carried 
out  in  an  artificial  synthetic  medium.     Our  conditions  are,  at 
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best,  highly  artificial  and  the  composition  of  our  synthetic  medium 
is  far  simpler  than  that  of  living  tissue  or  even  than  that  of  the 
usual  composite  culture  media.  We  are  well  aware  that  results 
obtained  in  such  a  medium  must  be  applied  carefully,  if  at  all, 
to  the  general  problem  of  amine  production  in  the  living  organism. 
We  feel,  however,  that  our  mode  of  procedure  is  justified  by  the 
fact  that  we  have  first  to  develop  methods  for  estimating  imida- 
zoles and  phenols  under  simple  conditions  before  we  can  hope  to 
estimate  these  substances  in  complex  mixtures.  The  final  answer 
to  the  question,  ''which  microorganisms  are  probable  amine  pro- 
ducers in  the  human  organism"  can  only  be  given  after  a  medium 
has  been  used  that  contains  all  of  the  essential  ingredients  of  a 
tissue  or  tissue  extract.  How  definitely  the  amine  production  is 
influenced  by  the  composition  of  the  medium  is  shown  clearly  in 
the  Part  IV  of  this  report  where  other  amino-acids  or  peptones 
were  added  to  our  synthetic  medium. 

PART   IV. 

The  Production  of  Histamine  by  Bacillus  coli  cystitis  when  Other 

Amino-Acids  Are  Present  in  the  Medium  Together 

with  Histidine. 

This  investigation  was  undertaken  to  ascertain  which  amino- 
acids  when  added  to  our  mediurn,  augment  the  production  of  his- 
tamine and  the  growth  of  the  microorganisms.  The  colon  bacillus 
used  in  this  work  {Bacillus  coli  cystitis)  was  the  strain  employed 
by  us  in  our  original  investigation.^  We  have  found  that  this 
organism  will  always  convert  approximately  50  per  cent  of  the 
histidine  originally  introduced  into  histamine  when  precautions 
are  taken  to  have  the  initial  pH  of  the  medium  7.3  and  to  main- 
tain a  uniform  temperature  of  37°. 

In  the  first  experiment  of  this  series  we  compared  the  carboxy- 
lase activity  on  our  standard  medium  with  that  on  a  medium 
containing  leucine  and  histidine  in  one  case,  and  peptone  and 
histidine  in  the  other.  The  results  obtained  are  summarized  in 
Table  IX. 

The  results  obtained  in  the  medium  containing  histidine  as  the 
only  amino-acid  call  for  very  little  special  comment  because  they 
closely  resemble  those  obtained  and  reported  2  years  ago.     In 
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TABLE  IX-Effect  of  Leucine  and  Peptone  on  th 

Total  color  value  of  the 

Color  value  of  histidine 

UnchanKcd  histidine 

Couiposition  of  the  medium. 

test  solution  as  histidine 
dichloride.' 

fraction  as  histidine 
dichloride.' 

(Van  Slyke  method) 
with  6  cc.  of  test 

(0.20  gm.  -  100%.) 

(0  20gm.  -  100%.) 

solution. 

Histidine  dichloride, 

0.2 

gm. 

O.lOcc.  =  11.2mm. 

0.10  CC.  =  4.0  mm. 

0.85  CC.  N,  at 

Potassium  nitrate, 

0.1 

(( 

0.20  "    =22.4    " 

0.20    "   =  8.0    " 

20**   and   750 

Ammonium  chloride, 

0.2 

ti 

Match  perfect. 

Match  perfect. 

mm. 

Glycerol, 

4.0 

cc. 

Color   develops 

0.097  gm.   his- 

Other  inorganic   salts 

as 

per 

promptly. 

tidine  dichlo- 

Nutritive Medium  3. 

, 

ride. 

Distilled  water  to  200 

cc. 

112% 

40% 

48.5% 

Histidine  dichloride, 

0.2 

gm. 

O.lOcc.  =  10.3mm. 

0.50  cc.  =  4.5  mm. 

0.72  cc.  N,  at 

Leucine, 

0.1 

it 

0.20  "    =20.6    " 

1.00    "   =  9.0    " 

21°   and   753 

Potassium  nitrate, 

0.1 

u 

Match  perfect. 

Match  poor. 

mm. 

Ammonium  chloride. 

0.2 

u 

Color   develops 

Color   too   yellow. 

0.0822  gm.  his- 

Glycerol, 

4.0 

cc. 

promptly. 

tidine  dichlo- 

Other  inorganic   salts 

as 

per 

ride. 

Nutritive  Medium  3. 

Distilled  water  to  200  cc. 

103% 

9.0% 

41.1% 

Histidine  dichloride, 

0.2 

gm. 

O.lOcc.  =  11.2mm. 

0.20  cc.  =  3.0  mm. 

0.65  cc.  N,  at 

Peptone  (Witte), 

0.05" 

0.20  "    =22.4    " 

0.40    "    =  6.0    " 

22". and   754 

Potassium  nitrate. 

0.1 

« 

Match  perfect. 

Match  good. 

mm. 

Ammonium  chloride. 

0.2 

« 

Color   develops 

0.074  gm.  his- 

Glycerol, 

4.0 

cc. 

promptly. 

tidine  dichlo- 

Other   inorganic   salts  as 

per 

ride. 

Nutritive  Medium  3. 

Distilled  water  to  200  t 

3C. 

112% 

15% 

37% 

•Colors  matched  against  the  (CR-MO)  standard. 
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Producion  of  Histamine  by  Bacillus  coli  (cystitis). 

Reaction. 

Color  value  of  the  histamine  fraction.* 

Histidine  converted  into 

histamine 

(Van  Slyke  method)  with 

5  cc.  of  test  solution. 

0.10  N  HCl  neutralized 

by  NH3  from 

entire  test  solution. 

a" 

pH 

h    . 

IS 

|l 

< 

cc. 

pH 

0.05  cc.  =  13.8  mm. 

1.04   cc.    Na   at   20° 

27 

0.10    "  =  27.5  " 

and  754  mm. 

Hence  the  =  of  9  cc. 

Color  developed  like  that  of  hista- 

0.0964gm. histamine 

of  0.1  N  NH3  was 

mine. 

dichloride. 

removed    by    the 

0.092  gm.  of  histamine  dichloride 

microorganisms. 

7.3 

5.4 

in  entire  test  solution. 

59.8% 

57%   of  histidine   converted   into 

histamine. 

Color  too  intense  to  run  directly; 

2.55   cc.    N2   at   22° 

25 

hence  10  cc.  were  diluted  to  100  cc. 

and  744  mm. 

Hence  the  =0=  of  11  cc. 

Of  this  solution 

0.231  gm.  histamine 

of  0. 1  N  NHs  was 

0.20  cc.  =    7.6  mm. 
0.40    "  =  15.2  " 

Color  develops  like  that  of  hista- 

dichloride. 
143% 

removed    by    the 
microorganisms. 

7.3 

5.5 

tamine. 

0. 1275  gm.  of  histamine  dichloride 

in  entire  test  solution. 

79%  of  histidine   converted   into 

histamine. 

Color  too  intense  to  run  directly; 

1.45cc.  N2at23°and 

hence  10  cc.  were  diluted  to  100  cc. 

755  mm. 

Of  this  solution 

0.133  gm.  histamine 

0.25  cc.  =    9.3  mm. 

dichloride. 

0.50    "  =  18.5  " 

Color  develops  like  that  of  hista- 

82.4% 

7.3 

5.2 

mine. 

0.125  gm.  of  histamine  dichloride 

in  entire  test  solution. 

77.4%  of  histidine  converted  into 

histamine. 
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this  case  57  per  cent  of  the  histidine  originally  introduced  was 
converted  into  histamine.  The  agreement  between  the  values 
obtained  colorimetrically  and  by  the  amino  nitrogen  method  is 
good. 

Although  the  organisms  multiplied  rapidly  in  the  above  medium, 
they  grew  far  better  in  a  medium  containing  leucine  or  peptone 
together  with  the  histidine.  When  leucine  was  present,  79  per 
cent  of  the  histidine  originally  introduced  was  converted  into 
histamine,  as  determined  from  the  colorimetric  reading  an  in- 
crease of  22  per  cent  over  the  leucine-free  medium.  The  amino 
nitrogen  value  is  obviously  much  too  high  to  represent  histamine 
alone.  A  portion  of  the  leucine  may  have  been  converted  into 
isoamylamine  which  would  appear  together  with  histamine  in  the 
amyl  alcohol  extract  and  thus  raise  the  amino  nitrogen  value  of 
the  histamine  fraction. 

In  the  presence  of  peptone,  77  per  cent  of  the  histidine  orig- 
inally introduced  was  converted  into  histamine;  hence  leucine 
and  peptone  are  about  equivalent  in  their  ability  to  promote 
histamine  formation.  In  this  case  the  check  between  the  colori- 
metric and  amino  nitrogen  values  is  sufficiently  close  to  warrant 
the  conclusion  that  other  amines  were  not  formed  in  appreciable 
quantities.  In  this  case  the  acidity  was  also  neutralized  less 
perfectly  than  in  the  case  of  leucine  where  a  large  amount  of 
amine  production,  other  than  histamine,  was  indicated. 

In  short  then,  we  would  conclude  that  the  presence  of  either 
leucine  or  peptone  stimulated  the  production  of  histamine.  We 
can  draw  no  conclusions  from  this  experiment,  as  to  the  role 
played  by  the  leucine  or  peptone  in  the  amine  production.  We 
might  conclude,  with  Jacoby,^  that  leucine  was  an  easily  available 
source  from  which  carboxylase  enzymes  could  be  synthesized ;  but 
our  experiment  seems  to  indicate  that  the  chief  factor  is  the 
enormous  increase  in  the  speed  of  growth  of  the  microorganisms 
which  would,  of  course,  increase  the  rate  of  acid  production  and 
hence  render  the  early  formation  of  histamine  necessary  to  neu- 
tralize the  acid. 

We  have  grown  all  of  the  organisms  discussed  in  the  first  three 
sections  of  this  paper  on  a  medium  containing  both  leucine  and 
histidine  and  have  found  that: 

•Jacoby,  M.,  Biochem.  Z.,  1917,  Ixxxi,  332;  Ixxxiii,  74;  Ixxxiv,  358; 
1918,  Ixxxvi,  329. 
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1.  The  addition  of  leucine  always  facilitates  the  growth  of  the 
organisms. 

2.  If  the  organisms  produce  no  histamine  in  the  absence  of  leu- 
cine, they  will  not  produce  histamine  when  leucine  is  present. 

3.  If  the  organisms  produce  histamine  when  leucine  is  absent, 
they  will  always  produce  20  to  25  per  cent  more  of  this  amine, 
in  2  weeks  of  incubation,  when  leucine  is  present.  The  leucine 
augments  a  power  that  already  exists;  it  does  not  call  forth  a  new 
enzymatic  activity. 

The  second  series  was  an  enlargement  upon  the  first  for  in  this 
case  all  of  the  easily  available  amino-acids  were  employed;  namely, 
glycine,  alanine,  cystine,  leucine,  arginine,  glutamic  acid,  tyrosine, 
and  tryptophane.  In  addition  to  the  above  amino-acids  two 
flasks  were  prepared  containing  different  makes  of  peptone; 
namely,  Witte  and  Difco.  The  results  obtained  are  summarized 
in  Table  X. 

Table  X  shows  that  the  histamine  value  on  our  standard  medium 
was  20  per  cent  lower  this  time  than  it  has  been  in  any  of  our 
other  experiments  with  this  organism.  The  value  on  the  leucine- 
histidine  medium  is  also  20  per  cent  low.  All  of  the  flasks  of  this 
series  were  incubated  at  the  same  time  in  the  same  incubator. 
During  the  first  few  days  the  air  in  the  incubator  smelled  strongly 
of  hydrogen  sulfide  which  was  being  evolved  from  the  cystine- 
containing  flask.  We  feel  convinced  that  the  retardation  in 
speed  of  activity,  and  probably  in  rate  of  growth,  was  caused  by 
the  hydrogen  sulfide.  This  conclusion  is  strengthened  by  the 
fact  that  only  2  per  cent  of  histamine  was  formed  in  the  cystine- 
histidine  medium.  The  growth  in  this  medium  was  also  very 
meager.  Since  this  hydrogen  sulfide  interference  must  have  been 
approximately  equivalent  for  all  of  the  media,  we  believe  that 
the  values  obtained  are  accurate  in  so  far  as  they  may  be  compared 
with  one  another.  In  discussing  this  series,  a  conversion  of  31 
per  cent  of  the  histidine  originally  introduced  into  histamine  is 
considered  to  be  the  normal  conversion  on  our  standard  medium. 
When  more  than  31  per  cent  of  histamine  was  present,  the  amino- 
acid  added  can  be  considered  to  be  an  amine  production  stimula- 
tor, and  vice  versa.  The  amino  nitrogen  values  on  both  the  his- 
tidine and  histamine  fractions  have,  in  every  case,  been  calculated 
as  histidine  and  as  histamine,  respectively,  in  spite  of  the  fact 
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TABLE  X— Effect  of  AminO'Acids  and  Peptones  on 


Composition 
of  the  medium. 

Histidine 
dichlor- 
ide.        0.2  gm. 
KNO,.       0.1   " 
NH«C1,     0.2  " 
Glycerol,  4.0  cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,       0.2  gm. 
Glycine,  0.065" 
KNOi,     0.1     •• 
NH4CI,    0.2     •• 
Glycerol,  4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,      0.2  gm. 
Alanine,  0.16  " 
KNOi.     0.1     •• 
NH4CI,    0.2     •• 
Glycerol,  4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,      0.2    gm. 
leucine,  0.116  '* 
KNOj,     0.1       •• 
NH«ci,    0.2      " 
Glycerol, 4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,       0.2  gm. 
Cystine,    0.2    " 
KNOi,      0.1    •• 
NH«C1,     0.2    " 
Glycerol,  4.0  cc. 
Usual  in- 
organic 
salU. 
DiBtiUed 
water  to  200  " 

Total  color  value 
calculated  as  % 
of  histidine  di- 
chloride. (0.20 
gm.  =  100%), 
per  cent. 

112 

108 

100 

112 

96 

Unchanged  histi- 
dine colorimet- 
ric    method. 
(0.20    gm.     = 
100%),  per  cent. 

60 

43 

30 

37 

87 

Amino    nitrogen 
value  of  histi- 
dine    fraction 
calculated     as 
%  of  histidine 
dichloride. 
(0.20    gm.     = 
100%),  percent. 

74 

102.5 

154 

55 

147 

Histidine  conver- 
ted into  hista- 
mine    (colori- 
metric  method) 
per  cent. 

31 

37.2 

51 

49.6 

2.06 

Amino    nitrogen 
value  of  hista- 
mine   fraction 
calculated  as  % 
of      histamine 
dichloride,  per 
cent. 

32 

49 

70.7 

162 

' 
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the  Production  of  Histamine  by  Bacillus  coli  (cystitis.) 


Histidine 

dichlor- 

ide.       0.2  gm. 
Glutamic 

Wci,     0.16   " 
KNOi.     0.1     " 
NHiCl,    0.2     •• 
Glycerol,  4.0    cc. 
Usual  in- 
organic 

D^tiSed 
water  to  200  " 

Histidine 
dichlor- 
ide,         0.2  gm. 

Arginine 
carbon- 
ate,        0.2   " 

KNO..       0.1   •* 

NH4CI,      0.2  •• 

Glycerol,  4.0  cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200  " 

Histidine 
dichlor- 

ide,         0.2  gm. 
Tyrosine,  0.16    " 
KNOj,      0.1      •• 
NH4CI,     0.2      •* 
Glycerol,  4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,         0.2    gm. 

Trypto- 
phane,  0.18    •* 

KNOs.       0.1      " 

NH4CI,     0.2      " 

Glycerol,  4.0     cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200      " 

Histidine 
dichlor- 
ide,         0.2   gm. 

Peptone 

(Witte),0.05    " 

KNOs.       0.1      " 

NH4CI,      0.2      " 

Glycerol,  4.0      cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200     " 

Histidine  di- 
chloride,   0.2  gm. 

Peptone 

(Difco),    0.05  " 

KNOs,          0.1    " 

NH4CI,         0.2    " 

Glycerol,      4.0  cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to   200   " 

105 

110 

99 

103 

07 

62 

52 

11.5 

60 

40 

50 

115.5 

109.8 

10.6 

79.5 

60.6 

67.1 

21.7 

41 

31.4 

26.3 

42 

42 

42.5 

108.4 

06.6 

62.8 

TABLE  X- 

Compoflition 
of  the  medium. 

HiBtidine 

di<hlor- 

ide,          0.2Rm. 
KNOi.       0  1   •• 
NH.Cl.      02  •• 
CJly.pioI,  4.0  cc. 
Usunl  in- 

orRfinic 

onltH. 
Distilled 

water  to  200  '* 

Histidine 
dif-hlor- 

ido,        0.2  gm. 
Glycine,  O.OM" 
KNOj.     0.1     " 
NH,C1.    0.2     •• 
Glycerol,  4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Hiatidine 
dichlor- 
ide,       0  2  gm. 
Alanine,  0.18  " 
KNO..     0.1     •• 
NH«CI,    0.2     " 
Glycerol,  4,0    cc. 
Us.ial  in- 
organic 
palta. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,       0.2    gm. 
Leucine,  0.115  " 
KNO»,     0.1      " 
NH«C1,    0.2      •• 
Glycerol, 4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 
water  to  200  " 

Histidine 
dichlor- 
ide,         0.2grTi. 
Cystine,    0.2  " 
KNOi,      0.1    " 
Nn«cl,     02    " 
Glycerol,  4.0  cc 
Usual  in- 
organic 

Distilled     * 
water  to  200  " 

0.10  x  HCl  neu- 
tralized by  Nils 
from  the  entire 
test    solution, 

CO. 

20.5 

Hence  the  o 
of  16  cc.  of 
0.1  N  NH, 
was  used  by 
microor- 
ganisms. 

16.5 
Hence  the  «= 
of  19.5  cc. 
of     0.1      N 
NHj      was 
used  by  mi- 
croorgan- 
isms. 

17 
Hence  the  o 
of  19  cc.  of 
0.1  N  NH, 
was  used  by 
microor- 
ganisms. 

23.7 

Hence  the  =c= 
of  12.3  cc. 
of     0.1      N 
NH,     was 

used  by  mi- 
croorgan- 
isms. 

9.2 
Hence  the  ^ 
of  26.8  cc. 
of     0.1      N 
NH,     was 
used  by  mi- 
croorgan- 
isms. 

pH  after  14  days 
of  incubation. 
The  initial  pH 
was  7.3  in  all 
cases,  pll. 

5.5 

5.5 

5.6 

5.9 

5.3 

Tyrosine  conver- 
ted into  vola- 
tile      phenols 
(colorimetric 
method),     per 
cent. 

Tyrosine  conver- 
ted   into    aro- 
matic hydroxy- 
acids.      Calcu- 
lated   as   oxy- 
phenyllactic 
acid       (colori- 
metric method) 
per  cent. 

' 

^ 

Unchanged  tyro- 
sine (colorimet- 
ric     method), 
per  cent. 

Tyrosine  conver- 
ted into  tyra- 
mine     (colori- 
metric method) 
per  cent. 
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Concluded. 


Histidine 
dichlor- 
ide,       0.2  gm. 

Glutamic 
acid 
HCl,     0.16   •• 

KNOi,     0.1     •• 

NH«C1,    0.2     •• 

Glycerol, 4.0  cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200" 

Histidine 
dichlor- 
ide,         0.2  gm. 

Arginine 
carbon- 
ate,         0.2   " 

KNOj.       0.1   " 

NH4CI.      0.2   " 

Glycerol,  4.0  cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200  " 

Histidine 
dichlor- 

ide,        0.2  gm. 
Tyrosine,  0.16    " 
KNOj,      0.1      " 
NH4CI,    0.2      " 
-Glycerol,  4.0    cc. 
Usual  in- 
organic 
salts. 
Distilled 

water  :o  200  " 

Histidine 
dichlor- 
ide,         0.2    gm. 

Trypto- 
phane,   0.18    " 

KNO,,       0.1      " 

NH4CI,      0.2      " 

Glycerol,  4.0     cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200    '* 

Histidine 
dichlor- 
ide,         0.2    Km. 

Peptone 
(Witte),O.Oo    " 

KNO,,       0.1      " 

NH4CI,     0.2     " 

Glycerol,  4.0      cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to    200  " 

Histidine  di- 
chloride,   0.2  gm. 

Peptone 

(Difco),    0,05  •• 

KNO3,         0.1    •• 

NH4CI,        0.2    •• 

Glycerol,      4.0  cc. 

Usual  in- 
organic 
salts. 

Distilled 
water  to  200  '* 

17.5 

Hence  the  ^ 
of  18.5  cc. 

of     0.1      N 

NH,      was 
used  by  mi- 
croorgan- 
isms. 

19.5 
Hence  the  <^ 
of  16.5  cc. 

of    0.1        N 

NH3      was 
used  b}'^  mi- 
croorgan- 
isms. 

23.5 
Hence  the  <> 
of  12.5  cc. 

of      0.1      N 

NH3      was 
used  by  mi- 
croorgan- 
isms. 

20 
Hence  the   0 
of  16  cc.  of 

0.1     N      NH3 

was  used  by 
microorgan- 
isms. 

24.5 

Hence  the.  0 
of    11.5    cc. 

0.1     N     NH3 

was  used  by 
microorgan- 
isms. 

22.2 
Hence  the   0 
of    13.8    cc. 
ofO.lNNHj 

was  used  by 
microorgan- 
isms. 

5.9 

5.6 

5.7 

5.4 

5.5 

5.4 

None. 

3.4 

72.6 

None. 

186 


186     Studies  on  Proteinogenous  Amines.     XII 

that  the  values  must  obviously  be  high  because  of  the  presence 
of  the  other  amino-acid  or  peptone.  These  amino  nitrogen 
figures  are  of  value  because  they  give  some  information  about  the 
fate  of  the  added  amino-acid. 

Glycine  and  Histidine. — The  organisms  grew  distinctly  better 
in  a  medium  containing  glycine  and  histidine  than  they  did  in  a 
medium  containing  only  histidine.  The  histamine  production 
was  increased  by  6.2  per  cent.  Most  of  the  glycine  nitrogen 
remained  in  the  histidine  fraction  in  the  primary  amino  condition 
which  indicates  that  only  a  small  amount  of  this  amino-acid  waa 
utilized  by  the  microorganisms. 

Arginine  and  Histidine. — The  microorganisms  grew  very  much 
better  in  this  medium  than  they  did  in  the  one  containing  glycine 
and  histidine.  The  histamine  production  was  increased  by  10 
per  cent.  The  amino  nitrogen  figures  indicate  that  over  half  of 
the  arginine  was  converted  into  some  product  that  passed  into 
amyl  alcohol  from  a  strongly  alkaline  solution.  The  arginine 
may,  therefore,  also  have  been  decarboxylated. 

Peptone  and  Histidine  (Witte  and  Difco). — The  presence  of 
either  of  the  above  peptones  is  a  great  stimulus  to  the  rate  of  growth 
of  these  bacilli,  the  growth  being  about  equivalent  to  that  ob- 
tained in  the  arginine-histidine  medium.  The  histamine  pro- 
duction was  increased  by  11  per  cent  in  each  case. 

Alanine  and  Histidine. — The  organisms  grew  even  better  in  a 
medium  containing  alanine  than  they  did  in  one  containing  peptone. 
In  this  case  the  histamine  production  was  increased  by  20  per  cent, 
the  highest  value  obtained  with  any  of  the  amino-acids.  The 
alanine  used  in  this  work  was  a  mixture  of  equal  parts  of  the 
d-  and  Z- varieties.  Two  equivalents  of  this  alanine  were  used. 
It  is  interesting  to  note  that  one  and  a  quarter  equivalents  re- 
mained, probably  as  alanine,  in  the  histidine  fraction  and  that  a 
maximum  of  one-fifth  of  an  equivalent  passed  into  amyl  alcohol, 
possibly  as  an  amine.  In  short,  then,  over  half  of  the  introduced 
available  nitrogen  was  consumed  by  the  microorganisms.  (We 
have  assumed  that  Z-alanine  did  not  serve  as  a  food.) 

Leucine  and  Histidine. — The  growth  obtained  in  this  case  was 
sHghtly  better  than  that  obtained  on  the  histidine-alanine  medium. 
The  histamine  production  was  increased  by  18.6  per  cent  which 
is  almost  identical  with  that  obtained  on  the  alanine-histidine 
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medium.  Most  of  the  leucine  nitrogen  appeared  in  the  hista- 
mine fraction  which  indicates  that  the  leucine  was  also  decar- 
boxylated. 

Tryptophane  and  Histidine. — The  growth  in  this  medium  was 
about  as  dense  as  that  obtained  in  the  peptone-histidine  medium ; 
but  the  histamine  production  was  decreased,  not  increased.  The 
26.3  per  cent  of  histamine  obtained  in  this  case  is  about  5  per 
cent  less  than  that  obtained  in  a  medium  containing  histidine  as 
the  only  amino-acid.  We  anticipated  some  trouble  with  our 
colorimetric  process  in  this  case;  but  we  were  relieved  to  find  that 
tryptophane,  or  its  decomposition  products,  did  not  interfere  in 
any  way  with  the  color  production. 

Glutamic  Add  and  Histidine. — The  growth  on  this  medium  was 
slightly  less  than  that  on  the  tryptophane-histidine  medium. 
The  presence  of  glutamic  acid  decreases  the  histamine  production 
by  about  9  per  cent.  The  amino  nitrogen  figures  indicate  that 
most  of  the  glutamic  acid  nitrogen  was  still  attached  to  a  car- 
boxylated  molecule. 

Cystine  and  Histidine. — The  growth  on  this  medium  was  very 
meager.  The  presence  of  cystine  decreases  the  histamine  pro- 
duction by  29  per  cent  so  that  the  formation  of  this  amine  is 
almost  nil. 

Tyrosine  and  Histidine. — The  fact  that  tyrosine  and  its  deriv- 
atives give  a  color  with  alkaline  p-phenyldiazonium  sulfonate, 
made  it  necessary  for  us  to  modify  our  usual  procedure  in  this 
case.     The  method  employed  was  briefly  as  follows : 

1.  The  filtered  medium,  after  the  usual  treatment  with  1  cc. 
of  95  per  cent  sulfuric  acid,  was  subjected  to  a  distillation,  under 
ordinary  pressure,  the  distillate  being  collected  and  examined 
colorimetrically^^    for    volatile    phenols.     Phenols    were    absent. 

2.  The  contents  of  the  distilling  flask  were  transferred  to  a 
glass  dish  and  evaporated  on  the  water  bath.  The  residue  was 
transferred,  with  water,  to  a  25  cc.  precision  cylinder  and  diluted 
to  25  cc.     This  is  the  test  liquid. 

3.  Of  this  acid  test  liquid  10  cc.  were  transferred  to  a  35  cc. 
extraction  bottle  and  extracted  ten  times  with  ether,  using  20 
cc.  for  each  extraction.     The  combined  ether  extracts  were  treated 

>°  Hanke,  M.  T.,  and  Koessler,  K.  K.,  J.  Biol.  Chem.,  1922,  1,  235. 
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with  25  cc.  of  water,  the  ether  being  then  removed  by  distillation 
at  first  under  ordinary  pressures  and  then  in  vacuo.  The  solution 
so  obtained  was  transferred,  with  water,  to  a  100  cc.  precision 
cylinder  and  diluted  to  100  cc.  It  was  tested,  colorimetrically,^<> 
for  aromatic  hydroxy-acids.  In  this  way  3.4  per  cent  of  the  tyrosine 
originally  introduced  was  found  to  have  been  converted  into 
oxyphenyllactic  acid. 

4.  The  aqueous  liquid  obtained  above,  that  had  been  freed 
from  aromatic  hydroxy-acids  by  extraction  with  ether,  was  trans- 
ferred to  a  250  cc.  Pyrex  flask  with  90  cc.  of  water.  Silver 
nitrate,  10  cc.  of  a  20  per  cent  solution,  was  added  and  the  result- 
ing mixture  treated  with  12  gm.  of  barium  hydroxide  in  50  cc. 
of  warm  water.  The  dark  brown  mixture  was  filtered,  the  pre- 
cipitate being  washed  with  a  cold  saturated  solution  of  baryta." 

This  divides  the  material  into  two  fractions;  the  silver  precipi- 
tate, which  will  contain  all  of  the  histamine  and  which  should  con- 
tain most  of  the  histidine,  and  the  silver  filtrate  which  should  con- 
tain all  of  the  tyrosine  and  tyramine. 

5.  The  silver  precipitate  was  suspended  in  water  and  treated  with 
an  excess  of  37  per  cent  HCl  and  Na2S04  as  has  been  previously 
described."  The  resulting  mixture  was  filtered  after  2  hours 
of  digestion  on  the  water  bath  and  the  filtrate  evaporated  on  the 
water  bath.  The  residue  was  then  transferred  to  an  extraction 
bottle  with  10  cc.  of  water  and  treated  just  like  any  of  the  histi- 
dine test  liquids.  It  was  found  to  contain  11.5  per  cent  of  his- 
tidine and  31.4  per  cent  of  histamine.  The  recovery  of  imid- 
azoles was  only  43  per  cent.  We  have  not  checked  up  on  the  sil- 
ver precipitation  method  for  histidine  sufficiently  to  be  certain 
that  some  histidine  may  not  have  remained  unprecipitated.  We 
are  certain  that  the  histamine  figure  is  accurate  because  the 
method  employed  in  this  experiment  was  identical  with  that  used 
in  the  quantitative  precipitation  of  histamine  in  some  of  our  earlier 
work." 

6.  The  silver  filtrate.  The  barium  and  silver  ions  were  exactly 
removed  with  H2SO4  and  HCl,  respectively.  The  filtrate  from 
BaS04  and  AgCl  was  neutraHzed  with  sodium  hydroxide  and 
evaporated  on  the  water  bath.     The  residue  was  transferred  to 

»>  Hanke,  M.  T.,  and  Koessler,  K.  K.,  J.  Biol.  Chem.,  1920,  xliii,  643. 
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an  extraction  bottle  with  10  cc.  of  water.  The  subsequent  sep- 
aration of  tjTamine  from  tyrosine  and  the  colorimetric  estima- 
tion of  each  substance  in  its  respective  fraction  was  then  carried 
out  as  described  in  the  following  paper.^^  Tyramine  was  found  to 
be  absent.  Of  the  tyrosine  originally  introduced,  72.6  per  cent 
was  recovered. 

The  histamine  production  on  this  medium  proceeded  at  a  rate 
identical  with  that  on  a  tyrosine-free  medium.  Tyrosine  neither 
augmented  nor  retarded  the  histamine  formation.  Tyrosine  was 
not  decarhoxylated. 

It  appears  then,  that  the  decarboxylation  of  histidine  is  influ- 
enced by  the  presence  of  other  amino-acids  in  all  of  the  three 
possible  ways.  Tyrosine  is  without  effect.  Leucine,  alanine, 
arginine,  and  glycine  increase  the  rate  of  decarboxylation.  Of  these, 
leucine  and  alanine  are  by  far  the  most  efficient.  Cystine,  glutamic 
acid,  and  tryptophane  decrease  the  rate  of  decarboxylation.  Of 
these,  cystine  is  by  far  the  most  efficient.  The  rate  of  decarboxyla- 
tion is  not  entirely  coincident  with  the  rate  of  growth  of  the 
microorganisms  because,  with  the  exception  of  cystine,  all  of  the 
amino-acids  augmented  the  growth  of  the  organisms;  but  tryp- 
tophane and  glutamic  acid  decreased  the  histamine  production. 

SUMMARY. 

1.  The  behavior  of  a  large  number  of  microorganisms  has  been 
studied  on  a  liquid  medium  consisting  of  histidine  dichloride 
(0.2  gm.),  ammonium  chloride  (0.2  gm.),  potassium  nitrate  (0.1 
gm.),  potassium  dihydrogen  phosphate  (0.4  gm.),  sodium  chloride 
(0.8  gm.),  sodium  sulfate  (0.02  gm.),  sodium  bicarbonate  (0.4 
gm.),  calcium  chloride  (0.01  gm.),  and  glycerol  (4.0  cc),  in  a 
total  aqueous  volume  of  200  cc. 

2.  The  organisms  studied  were  Bacillus  coli  communior  (7 
strains) ,  Bacillus  coli  communis  (5  strains) ,  Bacillus  lactis  aerogcnes 
(5 strains).  Bacillus  acidi  lactici  (12  strains),  Bacillus  enicritidis, 
Bacillus  typhosus.  Bacillus  paratyphosus  A  (3  strains),  Bacillus 
dysenterice  Flexncr,  Morgan,  and  Shiga,  Bacillus  faxalis  alcali- 
gencs  I  and  III,  Bacillus  mucosus  capsulatus  (3  strains).  Bacillus 
bifidus,  Bacillus  influenzae.  Bacillus  proteus  vulgaris  (2  strains). 
Bacillus  cloacae.  Streptococcus  hcemolyticus  and  viridans,  pnoumo- 
cocci  (Types  I,  II,  III, and IV),  and  Bacillus  tuberculosis  (5  strains). 

"Hanke,  M.  T.,  and  Koessler,  K.  K.,  J  Biol.  Chcm.,  1922,  1,  193. 
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3.  Of  the  twenty-nine  strains  of  coli — in  the  narrower  sense — that 
we  studied,  &ix  were  able  to  convert  histidine  into  histamine,  on 
our  synthetic  medium.  None  of  the  other  organisms  were  hista- 
mine producers. 

4.  Five  members  of  the  colon  group — in  the  narrower  sense — 
gave  quantitative  evidence  that  an  alkali-stable,  carboxylated 
triamino  compound  was  formed  from  the  histidine.  This  com- 
pound may  have  the  formula 

HC  -  NH, 
HC  -  NH, 

CH, 
HCNHj 
COOH 

None  of  the  other  organisms  gave  quantitative  evidence  for  the 
formation  of  such  a  compound;  but  most  of  them  gave  results 
that  would  lead  one  to  suppose  that  such  a  compound  was  formed 
to  some  extent  as  an  intermediate  in  the  decomposition  of 
histidine. 

5.  Imidazole  acetic,  propionic,  lactic,  or  acrylic  acid  was  formed 
by  Bacillus  paratyphosus  A  (1  strain).  Bacillus  dy sentence  Flexner, 
Morgan,  and  Shiga,  Bacillus  fcecalis  alcaligenes  I,  Bacillus  mucosus 
capsulatus  (2  strains),  and  Bacillus  tuberculosis  (4  strains).  We 
cannot  say  for  certain  which  of  the  above  acids  was  produced  in 
any  case  because  our  method  does  not  differentiate  between  them. 

6.  The  addition  of  leucine  to  the  standard  medium  facilitates 
the  growth  of  all  of  the  organisms  studied. 

7.  If  the  organisms  produce  no  histamine  when  leucine  is  ab- 
sent, they  do  not  produce  histamine  when  leucine  is  present. 

8.  If  the  organisms  produce  histamine  when  leucine  is  absent, 
they  produce  20  to  25  per  cent  more  of  this  amine,  in  2  weeks  of 
incubation,  when  leucine  is  present.  The  leucine  augments  a 
power  that  already  exists;  it  does  not  create  a  new  enzymatic 
activity. 

9.  The  addition  of  alanine,  leucine,  arginine,  glycine,  or  pep- 
tone— either  Witte  or  Difco — to  the  standard  medium,  augments 
the  growth  of  the  colon  bacillus  and  increases  the  yield  of  histamine. 
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When  glutamic  acid  or  tryptophane  are  added  to  the  standard 
medium,  the  growth  of  the  organisms  is  augmented;  but  the  out- 
put of  histamine  is  decreased.  Cystine  is  unfavorable  to  the 
growth  of  the  colon  bacillus.  The  presence  of  this  amino-acid 
reduces  the  yield  of  histamine  to  almost  nil.  The  remarkable 
retarding  influence  of  cystine  on  the  growth  of  the  microorganisms 
and  on  the  histamine  production  by  the  colon  bacillus  seems  to  be 
due  to  the  hydrogen  sulfide  which  is  evolved  in  quantity  during 
the  first  few  days  of  incubation.  The  addition  of  tyrosine  to 
our  standard  medium  seems  to  have  no  influence  upon  the  rate 
of  histamine  production. 

We  wish  to  acknowledge  the  technical  assistance  of  Miss  Edith 
H.  Bell  throughout  this  work. 
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In  our  work  on  biological  problems  we  have  frequently  encoun- 
tered reactions  that  could  not  have  been  readily  explained  on  the 
basis  of  the  accepted  structural  formulas  of  the  compounds 
involved,  because  these  fomiulas  are  incomplete  indices  of  the 
degree  of  oxidation  of  the  carbon  atoms.  We  were  led,  therefore, 
to  a  consideration  of  the  interatomic  forces  and  we  have  found 
that  the  electronic  formulas  so  derived  have  been  of  great  service 
in  clarifying  certain  puzzling  phenomena. 

Parts  I  and  II  of  this  paper  contain  an  electronic  explanation 

of  the  carboxylase  activity  of  yeast  and  of  the  fart  that  the  fatty 

acids  oxidize  predominantly  in  the  beta  i)()siti()n  in  the  animal 

body.     In  l^art  III  we  will  attempt  to  show  liow  the  electronic 

fonnulas  for  some  of  the  biologically  important  compounds  can 

be  derived. 
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PART    I. 

On  the  Carboxylase  Activity  of  Microorganisms  with  Particular 
Reference  to   Yeasts. 

One  of  the  main  sources  of  the  formation  of  amines  by  the 
living  cell  is  the  decarboxylation  of  amino-acids.  While  chiefly 
accomplished  through  the  activity  of  microorganisms,  there  is 
evidence  that  this  carboxylase  activity  is  also  part  of  the  life 
process  of  some  higher  plants  and  of  certain  animals.  The  occur- 
rence of  p-oxyphenylethylamine  in  several  species  of  mistletoe^ 
(Phoradendron  Jlavescens,  Phoradendron  villosum,  and  Phoraden- 
dron  californicum)  and  the  presence  of  the  same  amine  in  the 
salivary  gland  and  secretion  of  some  Cephalopoda^  may  be  re- 
called in  this  connection  as  evidence  for  this  statement.  Up  to 
the  present  time,  however,  enzymes  capable  of  decarboxylating 
amino-acids  to  amines  in  vitro  have  not  been  isolated  from  either 
unicellular  or  multicellular  organisms.  While  the  isolation  of 
such  an  enzyme  of  the  carboxylase  type  would  be  of  interest,  it 
is  doubtful  if  this  accomplishment  would  clarify  the  mechanism 
of  decarboxylation  any  more  than  the  discovery  of  zymase  has 
enhanced  the  problem  of  alcoholic  fermentation  and  of  the  break- 
down of  sugars.  To  obtain  a  better  understanding  of  the  enzy- 
matic activities  of  the  living  cell  it  would  seem  far  more  promising 
to  undertake  a  systematic  study  of  the  intermediates  formed  in 
the  cataboUsm  of  higher  molecular  complexes,  especially  if 
we  could  understand  the  interatomic  forces  which  govern  this 
breakdown. 

The  decarboxylation  of  amino-acids,  with  the  formation  of 
carbon  dioxide  and  the  corresponding  amine  might,  theoretically, 
be  accomplished  in  any  of  the  following  ways. 

1.    With  a  quadruply  positive  carboxyl  group. 
A.    Direct  loss  of  COj. 

H  H 

j-  + 

R-C-M-ct'O-*    R  — C-  +  H  +  0"ici~0 

NH2      OH  NH2 

1  Crawford,  A.  C,  and  Watanabe,  W.  K.,  J.  Biol.  Chem.,  1916,  xxiv,  169. 
»  Henze,  M.,  Z.  physiol.  Chem.,  1913,  Ixxxvii,  51. 
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B.  Hydrolysis. 

H  H  OH 

R  — C-  +  C  j"~0  +  H+ -0H->    R  — C-+H  +  Ci~0 
+  ++"  +  ++~ 

NH2     OH  NH2  OH 

C.  Reduction  of  the  quadruply  positive  carboxyl  group. 

H  H 

j-  + 

R  —  C-  +  CJ:~  0  +  2(6)  +2(H)->  R  — G-+H  +  H+-C+~0 
NH2      OH  NH2  OH 

H+-Ct~0  +  (0)  --2(e)  ->     HO  -  +  C  +  ~  0->  CO2  +  H2O 

1  '  t 

OH  on 


2. 

With  a  triply  positive  carboxyl  group 

H 

H 

+ 

+ 

R_-C+-ci~0  +  2(6)+2(H)->   R  —  C-+H  +  H  +  -ci~0 
+  +  +  "  j-  ++~ 

NH2    OH  NH2  OH 

The  formic  acid  would  then  give  CO2  and  H2O,  by  oxidation, 
as  in  C  above. 

The  above  equation  tells  nothing  about  the  mechanism  of  the 
reaction.  Following  Nef,  we  might  consider  the  above  reaction 
to  proceed  as  follows.^ 


Oil 


+ 

_ 

R— C+- 

+ 

-g1~  0 

<=^ 

R- 

+ 

NH2 

OH 

NH2 

R  — C  + 

+ 

+ 

2{e) 

-►  R  — C 

+ 

Nn  Nil. 


»  Koessler,  K.  K.,  Proc.  Inst.  Med.  Chicago,  1920,  iii,  46. 
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H 

+ 

R—C-  +  2(H+)  ->  R  — C-+H 
+  j- 

NH,  NH, 

For  reasons  that  will  be  discussed  later,  the  schematic  possi- 
bility represented  by  equation  (1,  C)  is  hardly  worthy  of  con- 
sideration because  it  involves  the  reduction  of  a  quadruply 
positive  carbon  atom.  As  far  as  we  now  know,  only  the  chloro- 
phyll-containing plants  have  this  power. 

A  consideration  of  Types  I  and  II  shows  that  the  kind  of  reac- 
tion resorted  to  must  depend  upon  the  direction  of  the  electrical 
field  between  the  carboxyl  group  and  its  neighboring  carbon  atom. 
If  we  were  certain  that  the  carboxyl  group  in  all  amino-acids  was 
negative  with  respect  to  its  neighboring  carbon  atom  as  in  formula 
(2),  we  could  state  with  a  fair  degree  of  assurance  that  the  decar- 
boxylation of  amino-acids  must  be  associated  with  an  oxidation 
reduction  process.  Unfortunately,  we  are  at  present  unable 
to  make  a  definite  statement  as  to  the  electrical  conditions  that 
prevail  in  any  amino-acid  (see  under  allyl  chloride,  pages  231  to 
233).  It  seems  indeed,  as  if  the  charge  on  the  carboxyl  group 
is  not  the  same  for  all  amino-acids. 

Although  we  are,  therefore,  unable  at  present  to  give  an  elec- 
tronic interpretation  of  the  carboxylase  activity  as  applied  to 
amino-acids,  the  electronic  point  of  view  offers  a  fascinating  ex- 
planation for  a  related  type  of  carboxylase  activity. 

Neuberg*  and  his  coworkers  have  shown  that  yeasts  and  yeast 
extracts  have  the  faculty  of  decarboxylating  pyruvic  and  many 
other  organic  acids  with  the  formation  of  carbon  dioxide  and 
aldehydes;  e.g.,  CH3 -  CO  -  C00H-^C02  +  CH3-CHO. 

Karczag  and  Breuer^  have  shown  that  many  bacteria,  although 
they  ferment  pyruvic  acid  with  gas  formation,  produce  no  alde- 
hyde. The  gas  produced,  instead  of  being  pure  CO2  as  in  the 
case  of  the  yeasts,  consists  of  hydrogen  to  the  extent  of  90  per 

*  Neuberg,  C,  and  Hildesheimer,  A.,  Biochem.  Z.,  1911,  xxxi,  170. 
Neuberg,  C,  and  Tir,  L.,  Biochem.  Z.,  1911,  xxxii,  323.  Neuberg,  C,  and 
Karczag,  L.,  Biochem.  Z.,  1911,  xxxvi,  68,  76;  xxxvii,  170.  Neuberg,  C, 
and  Kerb,  J.,  Biochem.  Z.,  1912,  xlvii,  413,  405. 

»  Karczag,  L.,  and  Breuer,  E.,  Biochem.  Z.,  1915,  Ixx,  320. 
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cent.  Obviousl}^  then,  the  action  of  yeasts  on  pyruvic  acid  is 
radically  different  from  that  of  the  investigated  bacteria.  The 
authors  believe  that  some  light  is  shed  upon  these  facts  and 
others  to  be  presented  later,  by  a  consideration  of  the  electronic 
formulas  of  these  substances. 

Acetaldehyde  and  carbon  dioxide  could  be  obtained  from  py- 
ruvic acid  by  either  of  the  three  following  processes.^ 

1.  Hydrolysis. 

H3C-+C-H-C+~0  +  H  +  -OH->H3C-  +  C-+H  +  0~+C+-OH 
++        +"^  ++  ~+  + 

O  OH  O  OH 

i 
CO2  +  H2O 

2.  Reduction  followed  by  oxidation. 

H3C-  +  C-4-C+~0  +  2(H)  +2(6)->H3C-  +  C-+H  +  H+-C+~0 
+j-        +  +  "  ++  +  +  ~ 

O  OH  O  OH 

H  +  -C  +  -0+(0)+2(+)    -^    0I  +  C+-OH 

OH  OH 

i 
CO,  +  II2O 

Process  2(a). 

H 

+ 

H3C-+C-  +  CJ:~0  +  2(H)  +  2(c)  ->  H,C  -+C  +  --CJ:~0 


O  OH  OH        OH 


H        n  _i.  XT  J rivr  v  it  r' l  n  "1" 


H,C  -  +  C  +  -  C  X      O  +  H  +  -  OH  -^  H,C  -  +  Cl~0  +  H+-CX' 
4-         +  +  "  -  +  "  +  +  ■ 

-         -  +  - 

OH       OH  H  OJI 

H  +  -C  +  ~0  +  (0)  +2(+)     ->    CO,  +  H,0 
+  +  " 

OH 

•  The  proof  of  the  electronic  formulas  for  the  compounds  used  in  the 
equations  throughout  this  paper  is  given  in  Part  III. 
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TTie  decomposition  of  pyruvic  acid  by  yeast  cannot  occur 
according  to  process  (2)  or  (2,  a)  for  the  following  reasons. 

Process  (2)  demands  the  intermediate  formation  of  formic  acid 
by  the  reduction  of  a  quadruply  positive  carbon  atom.  Such  a  re- 
duction would  be  equivalent  to  the  direct  conversion  of  CO2  to 
fonnic  acid.  Up  to  the  present  time  only  the  chlorophyll-contain- 
ing plants  have  been  proved  to  be  capable  of  reducing  CO2,  and 
they  can  do  so  only  in  the  presence  of  sunhght.  This  process  is, 
therefore,  highly  improbable  from  the  start.  If  we  pass  lightly 
over  this  first  serious  objection,  we  come  to  another  that  is  just  as 
serious.  The  formulation  demands  that  the  formic  acid  formed  at 
first  must  then  be  oxidized  to  CO2.  That  bacteria  have  this  power 
of  oxidation  is  clearly  proved  by  the  work  of  OmeUanski^  and 
Pakes  and  Jolly  man.*  In  everj^  case,  however,  hydrogen  is 
evolved  along  with  the  CO2.  Hydrogen  is  never  evolved  in  the 
early  stages  of  yeast  fermentations.  Although  the  evolution  of 
CO2  from  pyruvic  acid  by  yeast  is  extremely  rapid  so  that  the 
fermentation  is  practically  over  in  24  hours  irrespective  of  the 
variety  of  yeast  employed,  Neuberg  and  Tir*  have  shown  that 
certain  of  these  yeasts  will  evolve  no  gas  at  all  from  sodium  for- 
mate solutions  and  that  none  of  them  evolves  more  than  traces 
of  CO2  in  the  course  of  24  hours. 

An  objection  might  be  raised  to  these  conclusions  from  the 
work  of  Neuberg  and  Tir  because  these  authors  used  a  pure  solution 
of  sodium  formate  in  which  no  real  fermentation  could  occur. 
It  is  conceivable  that  the  oxidation  of  formic  acid  might  take 
place  only  in  the  presence  of  sugar.  Franzen  and  Steppuhn* 
have  shown  conclusively  that  when  sodium  formate  is  mixed  with 
a  nutrient  medium  rich  in  sugar,  most  of  the  pure  cultures  of 
yeast  employed,  although  they  fermented  the  sugar  vigorously, 
either  did  not  ferment  the  added  formic  acid  at  all  or  did  so  only 
to  a  very  small  extent.  In  no  case  was  the  destruction  of  the 
formic  acid  rapid  enough  to  conclude  that  this  substance  was  an 
intermediate  •  product  in  the  fermentation  of  sugar.  Formula- 
tion (2)  is,  therefore,  highly  improbable. 

'  Omelianski,  W.,  Centr.  Bakt.,  2te  AbL,  1904,  xi,  177,  256,  317. 
«  Pakes,  W.  C.  C,  and  Jollyman,  W.  IL,  ./.  Chem.  Soc,  1901,  Ixxix,  322, 
386,  459. 

'  Franzen,  H.,  and  Steppuhn,  O.,  Z.  physiol,  Chem.,  1912,  Ixxvii,  129. 
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Process  (2,  a)  demands  the  intermediate  formation  of  lactic 
acid.  That  the  reduction  of  pyruvic  acid  to  lactic  acid  might  be 
resorted  to  by  bacteria  in  case  the  pyruvic  acid  was  being  used 
by  them  as  a  source  of  carbon  is  very  possible  because  as  can  be 
seen  from  the  formula,  this  is  an  indirect  but  simple  method  for 
converting  an  unavailahle  quadruply  positive  carhoxyl  group  into 
one  that  is  triply  positive.  That  yeasts  do  ?iot  resort  to  this  proc- 
ess, in  the  case  of  pyruvic  acid,  is  proved  by  the  fact  that  lactic 
acid  is  not  fennented  at  all  by  some  yeasts  and  only  to  a  very 
slight  extent  by  most  (see  article  by  Neuberg  and  Tir^  and  Buch- 
ner  and  Meisenheimer^^). 

Even  if  lactic  acid  were  fermented  by  yeast,  the  formic  acid 
difficulty  would  still  be  insurmountable  (see  above  under  proc- 
ess (2)).  Apparently  then,  formula  (2,  a)  cannot  represent  what 
happens  when  pyruvic  acid  is  fermented  by  yeast. 

Process  (1)  is  the  only  one  left  and  its  very  simplicity  is  exactly 
what  one  would  expect  from  a  reaction  that  proceeds  so  smoothly 
and  rapidly.  The  above  considerations  have  convinced  the 
authors  that  the  fermentation  of  pyruvic  acid  by  yeast  is  ac- 
complished by  a  purely  hydrolytic  process. 

From  the  ordinary  structural  formula  for  lactic  acid  it  is  diffi- 
cult to  see  why  a  similar  hydrolysis  does  not  occur  in  this  case 
with  the  formation  of  CO2  and  alcohol.  The  hydrolysis  of  lactic 
acid  with  dilute  sulfuric  acid,  which  takes  place  quite  as  readily 
as  the  similar  hydrolysis  of  pyruvic  acid,  gives  acctaldchyde  and 
formic  acid.  The  electronic  formulas  for  these  two  compounds 
show  clearly  why  CO2  could  not  be  obtained  by  the  hydrolysis 
of  lactic  acid  and  they  show  moreover  why  yeast  cannot  hydrolyze 
lactic  acid  at  all.  Lactic  acid  contains  a  triply  positive  car- 
hoxyl group  while  pyruvic  acid  contains  one  that  is  quadruply 
positive.  Apparently  then,  yeast  can  Jiydrolyze  only  those 
acids  containing  quadruply  positive  carboxyl  grou})s. 

With  this  idea  in  mind  it  is  easy  to  see  why  oxalacetic  acid  should 
give  acctaldchyde  and  COo,  acetone  dicarl)onic  acid  should  give 
acetone  and  C()2,  and  in  general  why  all  of  the  a-ketonic  acids 
should  give  an  aldehyde  and  C()2  as  primary  products  because 
they  all  coydain  quadruply  positive  carbo.ryl  groups.  A  striking 
confirmation  of  this  statement  is  found  in  the  fact  that  glyoxylic 

^*  Buchner,  E.,  and  Meisenheimcr,  J.,  her.  cfum.  (/Vs.,  11)10.  xliii,  1773. 
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acid,  the  mother  substance  of  the  a-ketonic  acids,  is  practically 
not  fermented  by  yeast.*  This  acid  has  been  shown  to  contain  a 
negative  carboxyl  group  and  it  could  not  give  CO2  on  hydrolysis. 
No  attempt  has  been  made  to  explain  the  mechanism  of  hydroly- 
sis. Just  why  pyruvic  acid  should  hydrolyze  readily  whereas 
acetic  acid  must  be  fused  with  an  alkali  to  hydrolyze  it  is  not  ex- 
plained by  the  electronic  formulas.  The  failure  of  yeast  to  fer- 
ment an  acid  does  not  prove  that  the  acid  contains  a  negative 
carboxyl  group.  On  the  other  hand,  if  yeast  does  split  CO2 
from  an  acid  readily  it  is  fairly  safe  to  conclude  that  the  acid 
contains  a  quadruply  positive  carboxyl  group.  Acetic  acid  is 
fermented  very  slowly  by  yeast.  Neuberg  and  Tir  make  the  state- 
ment that  the  gas  evolved  is  only  partially  absorbed  by  sodium 
hydroxide.  It  would  be  of  interest  to  ascertain  if  the  unabsorbed 
gas  was  methane  because  if  it  was  methane,  the  yeast  would  have 
proved  itself  capable  of  hydrolyzing  even  this  very  resistant  acid. 

PART   II. 

On  the  Beta  Oxidation  of  Fatty  Adds  in  the  Animal  Body, 

The  work  of  Knoop,  Dakin,  and  others^^  leaves  little  doubt 
that  fatty  acids  undergo  oxidation  predominantly  in  the  beta 
position  in  the  animal  body.  Just  why  the  living  cells  and  hydro- 
gen peroxide  should  oxidize  the  beta  carbon  atom  by  preference 
while  the  halogens  react  only  with  the  alpha  hydrogen  atoms  of 
the  fatty  acids  is  a  question  that  has  been  much  discussed  in  the 
past.  It  occurred  to  the  authors  that  this  tendency  toward  beta 
oxidation  in  the  body  (and  by  hydrogen  peroxide)  might  be  closely 
associated  with  the  electrical  structure  of  the  molecule. 

The  carbon  atom  can  occur  in  five  stages  of  oxidation;  namely, 

+  + 

1.  -C-        2.  -C+        3.  -C+        4.  -C+        5.  +C  + 
-  -  +  +  + 

Carbon  dioxide  is  the  simplest  substance  that  contains  carbon 
in  the  completely  oxidized  condition  represented  by  form  (5). 
Neither  microorganisms  nor  the  cells  of  the  animal  organism  seem 
to  have  the  faculty  of  reducing  CO2.     Only  the  chlorophyll- 

"  The  references  to  the  original  literature  are  given  in  Dakin's  mono- 
graph (Dakin,  H.  D.,  Oxidation  and  reductions  in  the  animal  body,  London, 
1912). 
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containing  plants  have  been  proved  to  be  capable  of  reducing 
CO2  to  formaldehyde  and  they  can  do  so  only  in  the  presence  of 
sunlight.^-  Forms  (2),  (3),  and  (4)  seem  to  be  oxidizable  or  reduc- 
ible by  living  matter  depending  upon  the  conditions  of  the  experi- 
ment. At  present  it  seems  advisable  to  make  no  definite  state- 
ment as  to  which  of  these  forms  is  most  readily  oxidizable. 

The  work  of  numerous  investigators  seems  to  indicate  that 
form  (1)  is  not  readily  oxidized  by  living  matter.  Thus  Karczag 
and  Breuer^  showed  that  oxalacetic,  acetone  dicarbonic,  and 
acetic  acids  were  not  changed  by  a  large  number  of  microorganisms. 
Of  these  acids,  acetone  dicarbonic  and  acetic  acids  contain  only 
quadruply  negative  and  quadruply  positive  carbon.  Oxalacetic 
acid  has  one  quadruply  negative,  two  quadruply  positive,  and 
one  triply  positive  carbon  atom.  From  this  it  would  appear 
that  quadruply  negative  carbon  was  not  readily  oxidized  by 
bacteria. 

Although  acetic,  acetoacetic,  and  malonic  acids,  all  of  which 
contain  only  quadruply  negative  and  positive  carbon,  are  com- 
pletely oxidized  in  the  normal  animal  body,  acetone  is  attacked 
with  difficulty^^  and  phenylacetic  acid  is  not  oxidized  at  all.^^  Ace- 
tone has  been  proved  to  contain  only  quadruply  positive  and  quad- 
ruply negative  carbon  and  phenylacetic  acid  must  have  the 
formula 

H 

+ 

CeH6+-C-  +  C+~0 

+ 

H  Oil 

It  seems  therefore,  that  even  the  normal  body  cells  frequently 
find  it  difficult  to  oxidize  quadruply  negative  carbon.  From  these 
facts  two  conclusions  can  be  drawn. 

1.  If  a  compound  containing  quadruply  negative  carbon  to- 
gether with  other  more  easily  oxidizable  varieties  were  fed  to  a 
normal  animal  one  would  expect  a  predominant  and  initial  oxi- 
dation of  the  more  easily  oxidizable  carbon  atoms.     In  the  case 

^'  For  a  critical  review  of  this  subject  see  Bayliss,  W.  M.,  Principles  of 
general  physiology,  London,  New  York,  lioinbay,  Calcutta,  and  Madras, 
1915,  564. 

^'  Geelmuyden,  II,  C,  Z.  physiol.  Chcvi.,  1S07,  xxiii,  431. 

i*  Knoop,  F.,  Beilr.  chem.  Physiol,  u.  Path.,  1905,  vi,  150. 
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of  moat  compounds,  these  primary  oxidation  products  would 
then  uutlergo  further  oxidation,  because  of  the  vigorous  oxidizing 
conditions  that  prevail  in  the  normal  organism,  so  that  an  excre- 
tion of  more  than  traces  of  these  partially  oxidized  products  is 
hardly  to  be  expected. 

2.  In  certain  diseases,  notably  diabetes,  the  oxidizing  power  of 
the  body  cells  is  greatly  diminished.  Under  these  conditions  the 
difficultly  oxidizable  quadruply  negative  carbon  atoms  might 
escape  oxidation,  at  least  partially,  while  the  more  easily  oxidizable 
carbon  atoms  in  the  same  molecule  might  be  oxidized.  These 
partially  oxidized  products,  with  the  quadruply  negative  carbon 
still  intact,  should  then  be  excreted.  It  is  a  well  known  fact  that 
acetone  and  acetoacetic  acid  are  excreted  in  large  quantities  by 
diabetics.  One  would  expect  also  that  acetic  acid,  acetone  di- 
carbonic  acid,  citric  acid,  and  a  large  number  of  other  substances 
containing  quadruply  negative  carbon  should  be  at  least  partially 
excreted  unchanged  by  diabetics.  Citric  acid  contains  one  triply 
positive  carbon  atom.  It  might,  therefore,  be  eliminated  as 
acetone  dicarbonic  acid  or  if  the  carboxylase  activity  was  too 
great  it  should  surely  appear  as  acetone.  (The  carboxylase  of 
yeast  readily  decomposes  acetone  dicarbonic  acid  into  carbon 
dioxide  and  acetone  by  a  purely  hydrolytic  process  as  has  been 
shown  in  Part  I.  A  similar  decomposition  might  occur  in 
diabetics.) 

With  the  idea  in  mind  that  quadruply  negative  carbon  is  not 
readily  oxidized  by  the  body  cells,  we  can  now  consider  the  prob- 
able primary  oxidation  products  of  a  few  acids  whose  electronic 
formulas  shall  be  repeated  here  for  the  sake  of  simplicity. 


H 

+ 

C,H,+  -C- 

+ 
H 

.  +  C+IO 
OH 

(Phenylacetic  acid.) 

H         H 

+         + 

+-C+-C-+C+IO 

-      -      +^ 
+      +      - 

H         H          OH 

H 

+ 

H  +  -  C  +  ■ 

+ 
H 

H 

+ 

-C-+C+: 
+ 

H          OH 

:o 

(Phenylpropionic  acid.) 

(Propionic  acid.) 
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H  H  H  H  H  H 

-t-  +  +  "^  1  "^ 

C,H,  +  -C-  +  C  +  -C-+C:  +  ~0    H  +  -C-  +  C+-C-+C+' 

+  +  -  _      _      _      ^_  +  - 

+      +      +       -  +      +      +      - 

H  H  H  OH  H  H  H  OH 

(Phenylbutyric  acid.)  (Butyric  acid.) 

Phenj^lacetic  acid  contains  the  perfectly  stable  quadruply 
positive  carboxyl  group,  the  very  resistant  benzene  ring,  and  the 
presumably  difficultly  oxidizable  quadruply  negative  alpha  car- 
bon atom.  This  compound  should,  therefore,  not  be  readily 
oxidized  even  by  the  normal  body  cells.  As  a  matter  of  fact 
phenylacetic  acid  is  7iot  oxidized  by  the  normal  body  cells. 

Phenylpropionic  acid  is  partially  oxidized  only  in  the  beta  position. 
This  triply  negative  carbon  atom  should  be  the  most  vulnerable 
position  in  the  molecule.  An  oxidation  at  this  point  would  lead 
finally  to  benzoylacetic  acid  which  by  one  type  of  hydrolysis 
would  give  benzoic  acid  and  acetic  acid.  Knoop  found  that 
phenylpropionic  acid  was  converted  into  benzoic  acid  in  the 
normal  animal  while  Dakin  was  also  able  to  isolate  a  small  amount 
of  benzoylacetic  acid  under  similar  conditions. 

Phenylbutyric  acid  is  partially  oxidized  only  in  the  beta  posiHon. 
This  doubly  positive  carbon  atom  should  be  the  most  easily 
attacked  position  in  the  molecule.  An  oxidation  at  this  point 
would  lead  to  the  formation  of  phenylacetoacetic  acid  which  by- 
one  type  of  hydrolysis  would  give  phenylacetic  acid  and  acetic 
acid.  Knoop  found  that  phenylacetic  acid  was  formed  from 
phenylbutyric  acid  in  the  normal  animal. 

In  propionic  acid  it  is  again  the  beta  position  that  is  partially 
oxidized  and  therefore,  should  be  most  readily  still  further  oxidized. 
The  final  product  of  the  oxidation  would  be  malonic  acid.  Ma- 
lonic  acid  is,  however,  very  readily  oxidized  by  the  normal  body 
cells;  hence  the  isolation  of  a  definite  end-product  is  hardly  to  be 
expected  in  the  normal  animal.  As  a  matter  of  fact  propionic 
acid  is  completely  oxidized  in  the  normal  animal  without  leaving 
a  clue  as  to  the  mode  of  its  decomposition.  In  diabetics,  malonic 
acid,  a  polymer  of  the  half  aldehyde  of  malonic  acid,  or  a  conden- 
sation product  of  this  half  aldehyde  might  possibly  be  found  after 
feeding  propionic  acid;  but  these  products  seem  not  to  have  been 
sought  for. 


o 
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Butyric  acid  is  partially  oxidized  only  in  the  beta  position.  Here 
too,  this  should  be  the  most  vuhierable  position.  A  further  oxida- 
tion at  this  point  would  lead  finally  to  acetoacetic  acid  which  by 
hydrolysis  could  lead  either  to  acetone  and  carbon  dioxide  or  to 
acetic  acid.  The  increased  excretion  of  acetoacetic  acid  and 
acetone  after  feeding  butyric  acid  to  diabetics  is  a  well  estab- 
lished fact. 

The  cited  examples  would  lead  one  to  conclude  that  the  estab- 
lished fact  that  fatty  acids  oxidize  predominantly  in  the  beta 
position  in  the  animal  body,  besides  having  a  chemical  verification 
is  the  fact  that  the  same  type  of  oxidation  occurs  with  hydrogen 
peroxide,  is  exactly  what  one  would  expect  from  the  electronic 
formulas  of  the  fatty  acids  and  their  derivatives. 

PART   in. 

Proof  of  the  Electronic  Formulas  of  a  Few  Biologically  Important 
Organic  Compounds. 

The  General  Principles  Used  in  the  Determination  of  Electronic 

Formulas. 

Principle  I.  The  Polarity  of  a  Double  or  Triple  Bond.^^ — Con- 
sider an  olefine  derivative  having  the  following  structural  formula: 

H     H 
A-C=rc-B 

»  Falk,  K.  G.,  and  Nelson,  J.  M.,  J.  Am.  Chem.  Soc,  1910,  xxxii,  1637. 
Stieglitz  has  presented  this  matter  in  lecture  form  for  the  past  6  years, 
and  has  applied  it  to  the  derivation  of  the  complete  formulas  for  the  vinyl 
derivatives,  including  acetaldehyde,  and  for  the  partial  formulas  of  many 
organic  compounds  such  as  propylene,  acrylic  acid,  crotonic  acid,  and 
cinnamic   acid.     The   formula   so   derived   for   the   vinyl   derivatives    is 

H  +  -  C  i;{;  C  +  -  X;  for  acetaldehyde  is  HjC  -  +  C  ij]!  O;  for  pro- 

H        H  H 

pylene    is    H|C  — CT~C — f-H;    for  crotonic  acid  is  CHj  —  C  T~  C 

+        +  -¥        + 

H       H  H        H 

-  COOH;  and  for  cinnamic  acid  is  C«H,  -  C  ^I  C  -  COOH 

H       U 


M.  T.  Hanke  and  K.  K.  Koessler  205 

The  following  three  electronic  formulas  are  possible. 

H,       H  H.H  H,H 

A-C;flC-B  A-CI~C-B  A-C~  +  C-B 

Formula  1.  Formula  2.  Formula  3. 

Which  of  these  is  the  correct  formula  can  be  ascertained  by  de- 
termining how  the  olefine  absorbs  compounds  of  accepted  polarity 
such  as  H+-OH,  H+-C1,  H+-Br,  H+-I,  H+-NHR, 
and  H+-OR. 

A  compound  having  formula  (1)  will  absorb  HBr,  for  example, 

to  give 

H         H 
A-C4--C-B  exclusively 

4- 
Br  H 

A  compound  having  formula  (2)  will  absorb  HBr  to  give  a  mix- 
ture of 

H          H  H          H 

A-C+-C-B  and   A-C-+G-B 

-         +  +         - 

+         -  -         4- 

H          Br  Br         H 

A  compound  having  formula  (3)  will  absorb  HBr  to  give 

H         H 
A-C  — HC-B  exclusively. 

+ 

H  Br 

Principle  II.  The  Determination  of  the  Charge  on  a  Carhoxyl 
Group. — Three  methods  have  been  employed. 

1.  In  a  few  cases  ketenes  are  known  that  have  the  general  for- 
mula R  — CiClO.  They  always  have  the  electronic  formula 
R  —  ClJC!{;iO  because  they  yield  acids,  anilides,  amines, 
and  esters  when  treated  with  water,  aniline,  ammonia,  and  alco- 
hol, respectively.  This  is  an  application  of  Principle  I.  In  such 
cases  the  carboxyl  group  is  quadruply  positive. '• 

2.  Many  carboxylated  compounds  lose  COo  when  heated. 
Since  CO2  must  have  the  formula  O  Z  J  C  |- 10,  such  compounds 
contain  a  quadruply  positive  carboxyl  group. '^ 

'•  Hankc,  M.  T.,  and  Koessler,  K.  K.,  ./.  Avi.  Cfuin.  Sue,  1'.)1S,  xl,  1730. 
'^  Fry,  H.  S.,  J.  Am.  Chcm.  Sac,  1912,  xxxiv,  ()(M;  1914,  xxxvi,  248. 
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3.  Some  carboxylated  compounds  split  off  formic  acid  when 
they  are  heated  to  100-150°  with  dilute  sulfuric  acid.^«  Since 
formic  acid  must  have  the  formula 

H  +  -  C  i  ""  O 

+  +  " 

OH 

the  carboxyl  group  from  which  it  was  derived  must  be  triply 
positive  and  it  must  have  been  attached  to  the  neighboring  car- 
bon atom  as  follows: 

c  +  -ci'"o 

OH 

4.  The  above  carboxylated  compounds  give  off  carbon  monox- 
ide when  they  are  warmed  gently  with  fuming  sulfuric  acid. 
Carbon  monoxide  must  have  the  formula  t  C  +  I  O.  The  car- 
bon is  identical,  electrically,  with  the  carbon  in  formic  acid.  Its 
evolution  has  a  significance  identical  with  that  ascribed  to  formic 
acid  in  the  preceding  paragraph. 

A  similar  decomposition  occurs  with  phosphoric  acid. 

The  results  are  less  reliable,  however,  because  much  higher 
temperatures  are  required  to  start  the  decomposition. 

Principle  III.  Hydrolysis. — Frequent  use  has  been  made  of  the 
principle  of  hydrolysis  which  has  been  so  thoroughly  discussed 
by  others^*  that  a  repetition  seems  superfluous. 

Assumptions. 

1.  The  charges  on  the  carbon  atoms  are  definitely  polarized  in 
at  least  the  large  majority  of  organic  compounds. 

There  has  been  a  tendency  in  recent  years  to  assume  that 
organic  compounds  are  non-polar .^o    An  entirely  non-polar  com- 

i«  Hanke,  M.  T.,  and  Koessler,  K.  K.,  /.  Am.  Chem.  Soc,  1918,  xl,  1726. 

»•  Nelson,  J.  M.,  Beans,  H.  T.,  and  Falk,  K.  G.,  J.  Am.  Chem.  Soc,  1913, 
XXXV,  1810.  Selivanow,  Ber.  chem.  Ges.,  1892,  xxv,  3517.  Stieglitz,  J., 
Am.  Chem.  J.,  1896,  xviii,  766.  Noyes,  W.  A.,  J.  Am.  Chem.  Soc,  1913, 
XXXV,  769. 

*°  For  a  criticism  of  this  view  see  Falk,  K.  G.,  and  Nelson,  J.  M.,  J.  Am, 
Chem.  Soc,  1914,  xxxvi,  209. 
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pound  would  be  chemically  inactive.  It  may,  of  course,  be  true 
that  some  or  even  most  of  the  molecules  are  really  non-polar 
but  such  molecules  can  be  of  no  importance  in  initiating  chemical 
reactions.  Such  inactive  non-polar  molecules  must  always  he  in  equi- 
lihrium  with  a  certain  numher  of  active  polar  molecules.  These 
active  molecules  are  responsible  for  the  chemical  activity  of  the 
compound  and  they  are  very  definitely  polar. "^^  The  present  paper 
is  limited  to  a  discussion  of  the  active  polar  molecules. 

2.  The  electrical  charges  hold  their  places  until  they  are  forced 
to  shift  because  of  a  definite  overwhelming  strain.  Such  shifts 
are  infrequent,  belong  to  classes  of  compounds  rather  than  to 
individuals,  and  must  never  be  assumed  to  have  occurred  unless 
this  can  be  undeniably  proved.^^ 

References. 

It  will  be  necessary  to  refer  frequently  to  the  carbon  atoms  and 
to  the  bonds  between  the  carbon  atoms.  Instead  of  placing 
numbers  on  the  carbon  atoms  in  each  of  the  formulas,  which 
would  lead  to  confusion,  the  general  rule  has  been  adopted  of 
numbering  the  carbon  atoms  mentally  from  right  to  left  in  a 
horizontal  formula  and  from  the  top  down  in  a  vertical  formula. 
A  concrete  example  will  make  this  clear.  Crotonic  acid  has  the 
structural  formula  CH3-CHI  CH-COOH.  The  carboxyl  car- 
bon is  carbon  atom  1.  and  the  double  bond  is  the  (2-3)  bond. 

The  facts,  upon  which  the  electronic  formulas  are  based,  can  be 
verified  by  referring  to  any  large  handbook  of  organic  chemistry 
such  as  Beilstein's  Handbuch  der  Organischen  Verbindungen  and 
Richter's  Organic  chemistry. 

A  Consideration  of  the  Formulas. 
Propiolic  Acid  {H-C EEC- COOH) . 

When  the  potassium  salt  of  this  acid  is  heated  with  water  it 
decomposes  smoothly  according  to  the  following  equation. 

'I  Lewis,  G.  N.,  J.  Afu.  Chem.  Soc,  191.3,  xxxv,  144S. 

'^  Exainples  of  such  shifts  can  l)0  found  in  the  numerous  papers  by 
Stieglitz  and  his  coUalxJrators  on  the  electronic  interpretation  of  the 
Beckmann  rearrangement. 
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2  HC  -  C  -  COOK  +  H,0  -*  2  C,H,  +  CX),  +  K,CO, 

Since  the  carboxyl  group  is  eliminated  as  CO2,  carbon  atom  1 
must  be  quadruply  positive. 

When  propiolic  acid  is  treated  with  the  halogen  acids,  only  the 
/3-halogenated  acrylic  acids  are  formed.  The  exclusive  forma- 
tion of  beta  derivatives  proves  that  the  triple  bond  is  unsymmetri- 
cally  polar,  the  electrons  being  attached  to  carbon  atom  2.  The 
entire  formula  for  propiolic  acid,  is,  therefore, 

H  +  -C+-C-+CX-0  (1) 

OH 
^'Halogenated  Propiolic  Acids  {X—C=C-COOH). 

The  halogenated  propiolic  acids  decompose  readily  into  X  — C= 
C  — H  and  CO2.  The  carboxyl  group  is,  therefore,  quadruply 
positive. 

The  halogenated  propiolic  acids  react  with  the  halogen  acids 
to  give  beta  derivatives  exclusively.  Thus  /3-chloropropiolic 
acid  gives  jS-dichloroacrylic  acid  with  HCl.  This  proves  that 
the  triple  bond  is  unsymmetrically  polar  so  that  the  electrons  are 
attached  to  carbon  atom  2.  The  entire  formula  for  this  class  of 
compounds  is 


+  - 


+  - 


X-+C  +  -C-+CI0  (2) 

OH 

The  carbon  atoms  in  these  acids  are  identical,  electrically,  with 
the  carbon  atoms  in  malonic  acid. 

Allylene  (CHt-C=C-H). 

AUylene  is  readily  absorbed  by  the  halogen  acids,  the  products 
being  CH3-CCI2-CH3,  CH3-CBr2-CH3,  and  CH3-CI2-CH8. 
In  every  case  the  negative  halogen  attaches  itself  to  the  central 
carbon  atom.  This  unsymmetrical  addition  of  the  halogen  acids 
proves  that  the  triple  bond  is  unsymmetrically  polar,  the  electrons 
being  attached  to  carbon  atom  1. 
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When  allylene  is  heated  with  dilute  sulfuric  acid,  acetone  is 
formed.  Here  again  the  negative  oxygen  attaches  itself  to  the 
central  carbon  atom.  Acetone  has  been  proved^^  to  have  the 
formula 

H  H 

+  + 

H+-C-+C+-C-+H 

-        ++        - 

+ + 

II  O  II 

Both  of  the  end -carbon  atoms  are  quadruply  negative.  The 
methyl  group  in  methyl  acetylene  must,  therefore,  also  be  quad- 
ruply negative.     The   entire   formula   for  methyl   acetylene    is 

H 

+  - 
H  +  -  C  -  +  C  +  -C  -  +  H  (3) 

+  - 
+ 
H 

The  carbon  atoms  in  allylene  are  identical,  electrically,  with  the 
carbon  atoms  in  acetone. 


Tetrolic  Acid   {CHz  —  C=C—COOH)  and  Its  Relation  to  Aceto* 

acetic  Add, 

When  tetrolic  acid  is  heated  to  210°  it  decomposes  into  allylene 
and  carbon  dioxide. 

CHa  -  C  -  C  -  COOH  -^H8C--i-C+-C-  +  H  +  OlicllO 

The  complete  electronic  formula  for  tetroHc  acid  is,  therefore, 

H 

+ 

+  -  4- 

H  +  -  C  -  +  C  +  -  C  -  +  C  X  ~  ()  (4) 

+  -  4-"^ 

-f 
H  OH 


•*  See  foot-note  2.     This  paper  also  contains  the  proof  of  tlie  formulas 
for  acetic,  acetoacetic,  acetone  dicarbonic,  and  citric  acids. 
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Since  the  above  decomposition  occurs  at  210°  it  alone  would  not 
suffice  to  establish  the  formula  for  tetrolic  acid.  That  the  above 
formula  is  actually  correct  is  proved  by  the  following  reactions 
for  tetrolic  acid. 

It  combines  with  the  halogen  acids  to  give  /3-halogenated  te- 
trolic acids. 

When  heated  to  105°  with  a  concentrated  solution  of  potassium 
hydroxide,  it  decomposes  completely  with  the  formation  of  large 
quantities  of  acetone  and  carbon  dioxide  and  a  small  amount  of  ^ 
acetic  acid.  This  strongly  suggests  the  intermediate  formation 
of  acetoacetic  acid.  This  is  to  be  expected  from  the  assigned 
formula,  because  the  carbon  atoms  in  acetoacetic  and  in  tetrolic 
acids  are  electronically  identical. 


HO  -  +  C  i  " 

;o 

HO  -  +  C  i  ~  0 

+  +  " 

-c- 

+ 

+  C  + 

+ 

f+H 
I- OH 

H+-C-+H 

ct  ~0 
+  +  " 

CH3 

CH, 

The  acetoacetic  acid  would  then  give  acetone  and  CO2  in  pre- 
ponderance, and  acetic  acid  in  small  amounts  as  is  its  habit. 

Acetylene  Dicarhoxylic  Acid  {HOOC-C~C-COOH). 

When  this  acid  is  warmed  with  water  it  decomposes  into  propi- 
olic  acid  and  carbon  dioxide. 

HOOC  -  C  -  C  -  COOH  ->0~ici~0  +  H+-C  +  -C-+ct"" 

OH 

Both  carboxyl  groups  are  quadruply  positive.    The  formula  for 
acetylene  dicarboxylic  acid  is 

0'"ic  +  -C+-C-  +  CJ:"0  (5) 

HO  OH 
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Acrylic  Acid  (CH2 1  CH-COOH), 

The  recorded  reactions  for  this  substance  are: 

1.  It  unites  with  HCl  and  HI  to  give  /3-chloro-  and  /3-iodo- 
propionic  acid,  ^espectivel3^ 

2.  It  gives  iS-ox3^propionic  acid,  not  lactic  acid,  when  heated 
to  100°  with  an  aqueous  solution  of  sodium  hydroxide. 

3.  When  ethyl  acrjdate  is  heated  with  ethyl  alcohol  containing 
some  sodium  ethylate,  /S-ethoxy propionic  acid  is  formed. 

These  three  entirely  one-sided  reactions  prove  that  the  charges 
constituting  the  double  bond  are  polarized  so  that  the  electrons 
are  attached  to  carbon  atom  2. 

When  potassium  acrylate  is  fused  with  potassium  hydroxide, 
hydrogen,  potassium  formate,  and  potassium  acetate  are  formed. 
This  reaction  is  obviously  an  hydro^.ysis  at  the  double  bond  in 
which  two  positive  hj^drogen  atoms  are  united  with  the  alpha  and 
two  negative  hydrox}^  radicals  with  the  beta  carbon  atom  in 
exactly  the  manner  that  would  be  expected  from  the  charges 
assigned  to  the  double  bond. 

CH2  =  CH  -  COOK  +  H2O  ->  H2C  =  0  +  CH,,  -  COOK 

The  formaldehyde  formed  at  first  reacts  in  the  customary  man- 
ner with  the  potassium  hydroxide  to  give  hydrogen  and  potassium 
formate. 

H2C  =  O  +  KOH  ^  H2  +  HCOOK 

The  most  important  fact  from  our  point  of  view,  is  the  forma- 
tion of  acetic  acid.  The  formula  for  this  substance  has  been 
proved^'  to  be 

H 

+ 

H4--C-+CJ:~0 

+ 

H  OH 

It  contains  a  quadruply  positive  carboxyl  group.  The  carboxyl 
group  in  acrylic  acid  must,  therefore,  also  be  quadruply  positive. 
This  leads  to  the  following  complete  formula  for  acrylic  acid. 
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II       n 

+       + 

H  +  -Ci"C-  +  ci~0  (6) 

OH 
Cinnamic  Acid  (C^^-CH  I  CH-COOH). 

When  cinnamic  acid  is  treated  with  H Br  or  HI,  i3-halogenated 
phenylpropionic  acids  are  formed  exclusively.  Hypochlorous 
acid  is  absorbed  so  that  the  negative  hydroxyl  group  attaches 
itself  to  the  beta  carbon  atom  the  product  being  phenyl  a-chloro, 
/3-lactic  acid.  The  exclusive  formation  of  beta  derivatives  proves 
that  the  double  bond  is  unsymmetrically  polar  so  that  the  electrons 
are  attached  to  the  alpha  carbon  atom. 

When  cinnamic  acid  is  fused  with  potassium  hydroxide,  ben- 
zoic acid  and  acetic  acid  are  the  products,  the  negative  OH  group 
being  again,  at  this  high  temperature,  attracted  to  the  beta  posi- 
tion. The  formation  of  acetic  acid  proves  the  carboxyl  group  to 
be  quadruply  positive.    The  formula  for  cinnamic  acid  is 

C»H6  —  ci~C-+cl~0 

+  +        - 

H  H  OH 

The  remaining  unsolved  bond  is  probably  (H — ),  because  cin- 
namic acid  gives  ortho  and  para  derivatives  with  HNO3  exactly  as 
is  the  case  with  phenol,  aniline,  and  the  halogenated  benzenes  in 
which  the  substituting  group  is  surely  negative.  The  entire  form- 
ula for  cinnamic  acid  would  then  be 

CeH.  +  -ct~C-+ctlO  (7) 

+  +         - 

H  H  OH 

It  is  electronically  identical  with  acrylic  acid,  a  positive  CbHs 
group  having  replaced  the  positive  hydrogen. 

fi-Chloro-y   Brom-,   and  Oxyphenylpropionic  Acid  {dHi—CHX— 
CHi-COOH). 

The  formulas  for  these  substances  follow  as  a  natural  corollary 
from  that  of  cinnamic  acid  as  can  be  seen  from  the  following 
equation. 
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Call  6  CjHs 

+  + 


+  -C-J  l+H  H  +  -C--+II 


(8) 


HO-+C+IO  HO-+C+~0 

(8)  is  the  formula  for /3-chloro-,  brom-,  or  oxyphenylpropionic  acid. 

Crotonic  A  cid  {CHz  -CHZCH-  COOH) . 

Crotonic  acid  combines  with  hydrogen  iodide  to  give  /?-iodo- 
butyric  acid,  with  hydrogen  bromide  to  give  /3-brombutyric  acid 
and  with  sodium  ethylate  to  give  jS-ethoxy butyric  ester.  In 
every  case  the  negative  radical  attaches  itself  to  the  beta  carbon 
atom.  The  double  bond  is,  therefore,  unsymmetrically  polar, 
the  electrons  being  attached  to  the  alpha  carbon  atom. 

When  crotonic  acid  is  fused  with  potassium  hydroxide  it  is 
hydrolyzed  at  the  double  bond  to  give  acetaldehyde  and  acetic 
acid.  The  acetaldehyde  formed  at  first  is  not  liberated  as  such 
but  reacts  with  KOH  in  the  customary  manner  to  give  acetic 
acid  and  hydrogen. 

CHj  -  CH  =  CH  -  COOK  +  KOH  -^  CHj  -  CHO  +  CH,  -  COOK 
CH3  -  CHO  +  KOH  -^  CH3  -  COOK  +  H^ 

At  high  temperatures  the  double  bond  is  still  unsymmetrically 
polar  so  that  the  negative  OH  groups  attach  themselves  to  the 
beta  carbon  atom.  The  important  fact  is  the  formation  of  2 
molecules  of  acetic  acid  because  this  proves  the  polarity  of  the 
(1-2)  and  the  (3-4)  bond.  Acetic  acid  contains  a  quadruply 
positive  carboxyl  group;  so  the  carboxyl  group  in  crotonic  acid 
must  also  be  quadruply  positive.  The  second  molecule  of  acetic 
acid,  coming  as  it  does  from  the  acetaldehyde  formed  at  first, 
proves  that  the  (3-4)  bond  must  have  an  electrical  polarity  like 
that  of  acetaldehyde;  namely,  (C — hC).  The  entire  formula 
for  crotonic  acid  is 
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li  11  H 

+  +  + 

H  +  -C-+C  +  IC-  +  C  +  IO  (9) 

+ 

H  OH 

Crotonic  acid  contains  the  acrylic  acid  nucleus. 

fi-Oxy-    and  ^'Halogenated  Butyric  Adds    (CHt—CHX—CHt— 

COOH), 

The  facts  that  are  needed  for  the  proof  of  these  formulas  have 
already  been  given  under  crotonic  acid.  They  will  be  repeated 
here  for  the  sake  of  clearness. 

When  crotonic  acid  is  heated  with  an  aqueous  solution  of  sodium 
hydroxide,  /S-oxy butyric  acid  is  formed. 

When  crotonic  acid  is  heated  with  hydrogen  bromide  or  iodide, 
/3-brom-  and  /S-iodobutyric  acids  are  formed,  respectively.  Elec- 
tronically these  reactions  proceed  as  follows. 

CHs  CH, 


+ 


-1- 


H+-C+  ^     ^  H+-C+-X 


l+H 


(10) 


H  +  -C-  1+^  H+-C-+H 

HO-+C;f_0  H0-4-C+I0 

Formula  (10)  is  that  of  i3-oxy,  jS-ethoxy,  and  /3-halogenated  bu- 
tyric acids.  The  carbon  atoms  are  electrically  identical  with  the 
carbon  atoms  in  crotonic  acid.  It  is  not  surprising,  then,  to  find 
that  they  readily  lose  HX  to  give  crotonic  acid. 

Glycollic  Acid  {CHiOH-COOH). 

WTien  glycollic  acid  is  warmed  with  concentrated  sulfuric  acid 
it  decomposes  into  carbon  monoxide,  water,  and  trioxymethylene. 

3  CH2OH  -  COOH  -^  SCO  -f  3H2O  +  (CHaO), 

In  this  case  the  carboxyl  group  is  split  off  as  carbon  monoxide 
and  the  formaldehyde  formed  at  first  polymerizes  to  trioxymethy- 
lene. The  carboxyl  group  must,  therefore,  be  triply  positive.  The 
complete  formula  for  glycollic  acid  is 
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H 

+ 

H+-C+-C  +  IO  (11) 

OH       OH 

This  formula  is  substantiated  by  the  preparation  of   glycollic 
acid  from  formaldehyde  and  prussic  acid. 

H  H 


+ 


+ 
+  -  -  +- 

H4--C+-0-     +    H4--C  +  -N->n+-C  +  -C+-N 


OH 

The  nitrile  then  gives  the  acid  on  hydrolysis  which  can  produce 
no  change  in  the  electrical  conditions  of  the  molecule. 

Malmic  Add  (COOH-CH^-COOH). 

When  the  acid  is  heated  above  its  melting  point,  132°,  it  decom- 
poses smoothly  into  CO2  and  acetic  acid.  The  evolution  of  CO2 
proves  that  at  least  one  of  the  carboxyl  groups  is  quadruply  positive. 
Acetic  acid  has  been  proved  to  contain  a  positive  carboxyl  group; 
hence  the  second  carboxyl  group  in  malonic  acid  must  also  be 
quadruply  positive.  The  entire  formula  for  this  substance  is, 
therefore, 

HO  -  +  C  j"  ~  0 

II  +  -  C  -  +  H  (12) 

HO  -  +  C  +  ~  O 

Tartronic  Acid  {HOOC-CHOH-COOH). 

When  tartronic  acid  is  heated  above  its  melting  point,  184°,  it 
decomposes  smoothly  into  carbon  dioxide  and  a  polymer  of  gly- 
coUic  acid.  The  evolution  of  CO2  proves  that  one  of  the  car- 
boxyl groups  is  quadruply  positive.  Glycollic  acid  has  been 
proved  to  have  a  negative  carboxyl  group.  The  formula  for 
tartronic  acid  must  then  be 
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j- 

0""±CH--C-f-Ci~0  (13) 

"      1         1        t 
110  OH      OH 

The  decomposition  can  be  represented  electronically  as  follows 


I0-+Ci""0                                                                  H 

H+-C+-0H  +  184°-^0-  +  ci""0  +  H  +  -C+- 

[0  -  +  C  +  "  0                                   ^^                               OH 

(2) 

OH 
(3) 

MesoxalicAcid  (HOOC-CO-COOH), 

When  this  acid  is  heated  above  its  melting  point  it  decomposes 
into  carbon  dioxide  and  glyoxylic  acid.  The  evolution  of  COi 
proves  that  one  of  the  carboxyl  groups  is  quadruply  positive. 
The  formula  for  glyoxylic  acid  cannot  be  proved  from  the  recorded 
reactions  of  that  substance;  but  the  following  indirect  proof  seems 
rather  convincing. 

The  formula  for  chloral  must  be 

Ci 

ci-  +  c-  +  ci"o 

CI         H 

because  it  gives  chloroform  and  sodium  formate  when  treated  with 
aqueous  alkalies.  If  it  were  possible  to  substitute  OH  groups 
for  the  three  negative  halogen  atoms  without  separating  the 
carbon  atoms,  glyoxylic  acid  would  be  formed.  The  formula  for 
glyoxylic  acid  should  then  be 


O-lC-H-ci-O 


HO         H 

From  this  one  would  conclude  that  one  of  the  carboxyl  groups  in 
mesoxalic  acid  was  triply  positive  and  that  the  entire  formula  for 
this  substance  is 
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HO  -  +  C  i  ~ 

+  +  " 


CT_0  (14) 


+ 


+  - 


HO  -  +  C  +  I  O 

One  assumption  has  been  made;  namely,  that  the  substitution  of 
negative  oxygen  for  negative  chlorine  in  chloral  has  produced  no 
change  in  the  polarity  of  the  charges  binding  the  carbon  atoms 
together. 

That  we  were  justified  in  making  the  above  assumption,  and 
that  the  formula  assigned  to  mesoxalic  acid  is  really  correct  is 
proved  in  a  striking  manner  by  the  fact  that  the  acid  decomposes 
on  boiling  with  water  into  carbon  monoxide  and  oxalic  acid. 
Electronically  this  reaction    would   be  represented  as    follows. 

HO  -  +  C  +  I  O 

+  HO  --  +  C  +  I  O 

Gi~0    ->  +  +     +C+~0 

Z  H0-+C+_0 

HO  -  +  C  +  I  O 

The  carbon  monoxide  might  arise  from  either  the  central  or  the 
triply  positive  end-carbon  atom.  In  any  case  it  would  be  im- 
possible to  obtain  CO  and  oxalic  acid  from  a  molecule  having  any 
but  the  above  electronic  structure. 

Lactic  Add  {CHt-CHOH-COOH). 

When  lactic  acid  is  treated  at  60°  with  fuming  sulfuric  acid, 
the  carboxyl  group  is  eliminated  as  carbon  monoxide.  A  similar 
decomposition  occurs  when  lactic  acid  is  heated  to  130°  with 
dilute  sulfuric  acid,  the  products  being  acetaldehyde  and  formic 
acid. 

CH,  -  CHOH  -  COOH  -►  H.C  -+ci~0  +  H-f-C+lO 

n  OH 

(3)  (2)  (1) 
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From  the  above  equation  the  formula  for  lactic  acid  is  easily 

seen  to  be 

11        11 
+        + 


(15) 


H 

+ 

H+-C  + 

+ 

H+-C- 

+ 

+ 

-OH         H+-C+-OH 

+ 

+  H   ""    H  +  -C-+H 

+ 

HO  -  +  c + : 

:o 

HO  -  +  C  +  ~  0 

H  +  -  C  -  +  C  +  -  C  ±  -  O 

+  -         - 

H  OH      OH 

fi-Oxypropionic  Acid  (CH^QH-CHi-COOH). 

When  acrylic  acid  is  heated  to  100°  with  an  aqueous  solution  of 
sodium  hydroxide,  /S-oxypropionic  acid  is  formed.  Electroni- 
cally, this  reaction  can  be  written  as  follows. 


(16) 


The  carbon  atoms  in  jS-oxypropionic  acid  are  identical,  elec- 
tronically, with  those  in  acrylic  acid.  It  is  not  surprising  to  find, 
then  that  /3-oxypropionic  acid  readily  loses  water  to  give  acrylic 
acid.  To  obtain  acrylic  acid  from  lactic  add,  a  far  reaching 
electronic  rearrangement  is  necessary  and  one  would  expect  that 
to  bring  about  this  transformation,  a  more  drastic  treatment 
would  be  required.  This  is  the  case.  The  difference  in  ease 
of  activity  between  the  a-  and  /3-oxy  (and  halogenated)  deriva- 
tives is  readily  explained,  in  this  manner  by  the  electronic  formulas. 

Pyruvic  Acid  (CH,-CO-COOH). 

When  pyruvic  acid  is  heated  to  150°  with  dilute  sulfuric  acid 
it  is  hydrolyzed,  the  products  being  acetaldehyde  and  carbon 
dioxide. 

CH,  -  CO  -  COOH  +  H,0  ->HaC-+C+lO  +  Ol  +  C+~  O  +  H,0 

H 
(3)  (2)  (1) 


i 
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From  the  above  partially  electronic  equation  the  entire  formula 
for  pyruvic  acid  is  readily  seen  to  be 

H 

+ 

H  +  -C-  +  C-  +  C+~0  (17) 

+ 

H  O  OH 

Both  pyruvic  and  oxalic  acids  contain  the  electrical  dyad 
(+C l"Ct)-     They  are  similarly  hydrolyzed  by  sulfuric  acid. 

Malic  A  cid  {HOOC  -  CH^  -  CHOH  -  COOH) . 

When  malic  acid  is  heated  with  dilute  sulfuric  acid,  it  decom- 
poses into  CO2,  formic  acid,  and  acetaldehyde.  When  malic 
acid  is  warmed  with  fuming  sulfuric  acid  it  decomposes  quanti- 
tatively according  to  the  following  equation.^-* 

HOOC  -  CH2  -  CHOH  -  COOH  -^  HOOC  -  CH-,  -  CHO  (A)  +  HCOOH 

i  i 

C5H4O2  -  COOH        ( B)      CO  +  H2O 

Compound  (B)  is  a  polymer  of  (A).  When  (B)  is  boiled  with 
dilute  sulfuric  acid  it  decomposes  into  CO2  and  acetaldehyde. 
Although  compound  (A)  has  never  been  isolated — it  polymerizes 
too  readily — its  formation  as  an  intermediate  product  in  the 
decomposition  of  malic  acid  by  sulfuric  acid  is  proved  conclu- 
sively by  the  character  of  the  condensation  products  formed  when 
malic  acid,  sulfuric  acid,  and  phenols  are  heated  together. 

This  reaction  proves  the  entire  formula  for  malic  acid.  Since 
CO  is  evolved — or  formic  acid  with  dilute  sulfuric  acid — one 
of  the  carboxyl  groups  must  be  negative.  The  negative  car- 
boxyl  group  is  attached  to  carbon  atom  1  (sec  the  above  equation). 
The  evolution  of  CO2  from  the  polymer  of  HOOC -CH2- CHO 
proves  that  the  other  carboxyl  group  is  quadruply  positive.  The 
other  product  is  acetaldehyde,  a  compound  of  known  electronic 
constitution  (CHs-^CHO). 

*♦  von  Pechmann,  H.,  and  Welsh,  \V.,  Ihr.  chcin.  Gcs.,  l.SSl.  xvii,  929, 
1649. 
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The  entire  formula  for  malic  acid  is 

H         OH 

+ 

0-ic+-C-  +  C  +  -Cj""0  (18) 

-  +         +  - 

HO  H  H  OH 

This  proof  is  rendered  clear  by  expressing  the  decomposition 
electronically. 

H 

+ 

•  -►0~lc+-C-4-CJ:~0  +"'"ci""0 
-  +  4.         _         _  +  -  -     +- 

-         +         + 
HO  H  H 

1 

H 

+ 


H 

OH 

+ 

— 

--tr 

-C- 

-  +  C+- 

-2t 

+ 

+ 

— 

HO 

H 

H 

OH 

oi;}:c  +  io  +  H-i-~c-+c  +  io 


H  H 

OxalaceticAcid  (HOOC-CH2-CO-COOH). 

The  formula  for  this  substance  is  clearly  proved  by  the  follow- 
ing decompositions  of  its  diethyl  ester.  When  boiled  with  alka- 
lies it  is  hydrolyzed  so  that  the  products  are  oxalic  acid,  acetic 
acid,  and  alcohol.  When  boiled  with  dilute  acids  it  is  hydrolyzed 
so  that  carbon  dioxide  and  pyruvic  acid  are  formed.  When  heated 
under  ordinary  pressures  it  decomposes  into  carbon  monoxide 
and  malonic  ethyl  ester. 

Only  one  formula  can  be  written  that  readily  explains  all  of 
these  decompositions;  namely, 

H 

+ 

0~ic  +  -C-+C-  +  ct~0  (19) 

-         + 

HO         H  0  OH 
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As  can  be  seen,  an  hydrolysis  at  bond  (2-3)  would  give  acetic 
and  oxalic  acids;  at  bond  (3-4)  would  give  carbon  dioxide  and 
pyruvic  acid.  The  loss  of  carbon  atom  2  would  give  carbon 
monoxide  and  malonic  acid. 

Tartaric  Add  (HOOC-CHOH-CHOH-COOH). 

Tartaric  acid  reacts  readily  with  concentrated  sulfuric  acid 
or  phosphoric  acid.  The  several  observers  seem  to  have  obtained 
different  products  when  operating  under  slightly  different  con- 
ditions. Thus  VangeP^  found  that  when  tartaric  acid  is  heated 
to  150°  with  phosphoric  acid,  equal  volumes  of  CO2  and  CO  were 
formed.  He  did  not  examine  the  non-gaseous  residue,  nor  did 
he  measure  the  exact  quantity  of  gas  obtained  per  unit  weight  of 
tartaric  acid.  Bouchardat-^  found  that  when  tartaric  acid  is 
warmed  to  40-50°  with  fuming  sulfuric  acid  containing  80  per 
cent  of  SO3,  a  gas  is  formed  that  is  composed  of  4  parts  of  CO  and 
1  part  of  SO2,  and  which  contains  from  2  to  4  per  cent  of  carbon 
dioxide.  He  states,  moreover,  that  the  carbon  dioxide  and  SO2 
appeared  toward  the  end  of  the  reaction.  An  examination  of  the 
non-gaseous  residue  revealed  the  presence  of  some  racemic  tar- 
taric acid  and  small  amounts  of  gly collie  and  pyruvic  acids.  He 
gives  no  data  by  means  of  which  one  could  calculate  how  many 
of  the  carbon  atoms  of  tartaric  acid  were  evolved  as  carbon  monox- 
ide. Since  these  data  were  necessary  to  estabhsh  the  electronic 
formula  for  tartaric  acid,  the  following  experiment  was  carried  out. 

Tartaric  acid— 1.5000  gm.,  M.P.  170°— was  mixed  in  a  50  cc. 
round  bottomed  flask  with  25  cc.  of  fuming  sulfuric  acid  containing 
18  per  cent  of  SOa.  The  flask  was  connected  to  a  1,000  cc. 
narrow  mouthed  precision  cylinder  that  had  been  inverted  and 
arranged  so  that  the  evolved  gases  could  be  collected  by  displace- 
ment of  water.  The  flask  was  heated  to  65°.  A  gas  was  slowly 
and  steadily  evolved  that  was  pure  carbon  monoxide  at  first. 
Not  a  trace  of  either  8O2  or  C()2  was  present  until  the  gas  vol- 
ume, corrected  for  temperature,  pressure,  and  aqueous  tension 
was  445  cc.     At  this  point  the  evolution  of  gas  becomes  livelier. 

"  Vaiigel,  li.,  Her.  rhnn.  C/cs..  1880.  xiii,  350. 

"  Bouclmrdat,  M.  G.,  Bull.  Soc.  chim.,  1880,  xxxiv,  series  2,  495. 
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Considerable  SOj  was  present  as  evidenced  by  the  white  fumes 
that  formed  when  the  gas  came  in  contact  with  the  wet  walls  of 
the  cylinder.  The  reaction  was  practically  over  when  about 
950  cc.  of  gas  had  been  collected.  The  volume  shrunk  to  840 
CO.  on  agitation  with  water.  This  removed  all  of  the  SO2  and 
probably  also  some  of  the  CO2.  A  subsequent  agitation  with 
aqueous  sodium  hydroxide  gave  a  final  volume  of  800  cc.  of  gas 
that  proved  to  be  pure  carbon  monoxide. 

The  sulfuric  acid  was  colored  very  pale  yellow  after  the  reac- 
tion was  over  so  that  no  charring  had  occurred. 

An  examination  of  this  reaction  shows  the  following.  Carbon 
monoxide  (445  cc.)  was  evolved  from  1.5  gm.  of  tartaric  acid 
before  either  SO2  or  CO2  were  formed.  This  amount  of  CO  was 
liberated  by  the  primary  action  of  the  sulfuric  acid  before  an 
oxidation  reaction  had  occurred.  This  quantity  of  tartaric  acid 
should  give  about  225  cc.  of  CO  per  carbon  atom  or  900  cc.  if 
all  of  the  carbon  atoms  had  been  converted  into  CO.  The  445  cc. 
actually  obtained  represent  two  carbon  atoms,  half  of  the  tar- 
taric acid  molecule.  Since  two  of  the  four  carbon  atoms  were 
evolved  as  CO  hejore  an  oxidation  reaction  hod  occurred^  it  is  fairly 
safe  to  conclude  that  both  of  the  carhoxyl  groups  were  eUminated 
as  CO  according  to  the  following  equation 

(CHOH),  (C00H)2    ->    2C0  +  CHO  -  CHO  +  2H2O 

Both  of  the  carboxyl  groups  must,  therefore,  have  been  triply 
positive.  The  assumption  that  glyoxal  is  an  intermediate  prod- 
uct in  the  decomposition  of  tartaric  acid  by  fuming  sulfuric  acid 
is  in  perfect  agreement  with  the  observed  fact  that  all  of  the  car- 
bon atoms  in  tartaric  acid  are  finally  evolved  as  CO.  A  primary 
oxidation  of  glyoxal  would  yield  glyoxylic  acid  which  would  then 
be  converted  largely  into  CO  and  to  a  small  extent  into  oxalic 
acid,  CO,  and  CO2. 

rCHO  -  CHO  +  H,S04      ->    CHO  -  COOH  +  SO,  +  H,0 
l.icHO-COOH  -^    HCOOH  +C0 

[hCOOH  -*    CO  +H,0 

rCHO  -  COOH  +  H,S04    -►    COOH  -  COOH  +  SO,  +  H,0 
ICOOH-COOH  -♦CO  +C0, 
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The  evolution  of  so  much  CO  and  so  little  CO2  could  not  be  ex- 
plained at  all  if  the  assumption  were  made  that  even  one  of  the 
carboxjd  groups  in  tartaric  acid  was  quadruply  positive. 

The  complete  electronic  formula  for  tartaric  acid  and  its  primary 
decomposition  into  CO,  glyoxal,  and  water  can  be  represented 
as  follows. 


HO  -  +  c ;]]  1 0 

H  +  -  C  +  -  OH 

(20)     ->    2  +  C±~0  +  0~j"C- 
H  +  -C+-OH                                  +                  -  +  - 
+                                                                                + 

HO-+C  +  :0                                                               (3) 

+  c 

+ 
H 

(2 

X-- 


Propionic  Add    {CH^-CH^-COOH). 

That  the  carboxyl  group  in  propionic  acid  is  quadruply  posi- 
tive is  proved  by  the  absorption  reactions  of  methyl  ketene, 
CH3— CHlClO.  Methyl  ketene  unites  with  water  to  give 
propionic  acid,  with  alcohol  to  give  ethyl  propionate,  and  with 
ammonia  to  give  propionamide.  In  every  case  the  negative  rad- 
ical attaches  itself  to  carbon  atom  1.  This  proves  that  the  double 
bond  is  unsymmetrically  polar;  that  the  partial  formula  for  me- 
thyl ketene  is 

H 
+ 

CH,'-  C~  +C+~0 

and  that  propionic  acid  has  the  partial  formula 

11 

+ 

CH,  — C-  +Ct~0 

+ 

H  OH 

The  polarity  of  the  remaining  unsolved  bond  cannot  be  determined 
directly.  The  following  partially  speculative  proofs  seem  con- 
vincing to  the  authors. 
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Just  two  formulas  are  possible,  namely, 

H  H  H  H 

+  +  +         j- 

(1)    H  +  -C+-C-  +  C  +  IO      (2)    H+~C-  +  C-+C  +  I0 

+  +         -  +  +         - 

H  H  OH  •  H  H  OH 

It  is,  of  course,  possible  that  both  of  these  formulas  are  correct 
and  that  the  two  electrons  between  carbon  atoms  2  and  3  are 
vibrating  so  that  they  are  attached  first  to  one  and  then  to  the 
other  carbon  atom  (or  they  may  hold  an  electron  in  common). 
Although  the  possibility  of  such  an  electrometric  equihbrium  is 
undeniable,  we  have  no  right  to  assume  its  existence  without 
proof.  Most  of  the  simple  compounds  examined  so  far  have 
shown  a  rigid  polarity.  In  the  absence  of  proof  to  the  contrary 
we  will  assume  that  the  same  rigidity  exists  in  this  compound. 
There  are  two  proofs  that  formula  (1)  is  representative  of  the 
electrical  conditions  existing  in  the  molecule  of  propionic  acid. 
1.  Acrylic  acid  has  been  proved  to  have  the  formula 

H         H 

+         + 

H  +  -  C  1  ""  C  -  +  C  i  ~  O 

t 
OH 

By  reduction  acryUc  acid  gives  propionic  acid.  The  reduction 
consists  in  the  addition  of  two  electrons  to  the  beta  carbon  atom. 
The  formula  for  propionic  acid  should  then  be 


H+-C+-C-+CI""0  (21) 


u 

H 

+ 

+ 

c  +  - 

-C- 

.+C+IO 

+ 

+ 

— 

H 

H 

OH 

One  assumption  must  be  made;  namely,  that  an  electronic  shift 
does  not  take  place  within  the  molecule  after  the  electrons  and  the 
hydrogen  atoms  have  been  added, 

2.  Propionic  acid  can  be  prepared  from  the  sodium  compound 
of  acetoacetic  or  malonic  ester  and  methyl  iodide.  The  reactions 
can  be  represented  electronically  as  follows. 
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""  +  C+-OR  0±~C+-OR 


+  ^  ■       —  ^  +  - 


+  H 

+ 
H  4-  -  C  - 

+  Na 


+ 


+ 


H  +  -  C  -  +  CH3 


+  I-  +  C-+H-^  ,  +HiO 


O      TC 


+ 


+ 


0-+C+  +  ^-+ 

j-  H 

H  +  -C-4-  H 

+ 
H 


+ 

CH, 
i 


O  ~  j"  C  +  -  OR 

"  +  + 

H+-C-+H  +CH,-  +  COOH 

+ 

This  formula  is  also  obtained  by  the  similar  reaction  of  methyl 
iodide  with  the  sodium  compound  of  malonic  ester  and  is  identi- 
ciil  with  formula  (1). 

Butyric  Acid  {CHz  -  CH2  -  CH2  -  COOH) . 

The  carboxyl  group  in  butyric  acid  is  quadruply  positive.  This 
can  be  proved  from  the  absorption  reactions  of  ethyl  ketene 
(CH8-CH2-CHICIO).  Ethyl  ketene  absorbs  water,  al- 
cohol, and  aniline  so  that  the  negative  OH,  OC2H5,  and  NH  — 
CeHs  groups  attach  themselves  to  carbon  atom  1,  the  products 
being  butyric  acid,  ethyl  butyrate,  and  butyric  acid  anilide.  These 
entirely  one-sided  reactions  prove  that  the  double  bond  in  ethyl 
ketene  is  unsymmetrically  polar  so  that  the  electrons  are  attached 
to  carbon  atom  2.  The  partial  formula  for  ethyl  ketene  is, 
therefore, 

+ 
H 

The  partial  formula  for  butyric  acid  must  then  be 

II 
+ 

CH,  —  CII2  —  C  -    +  C  i  ~  0 
II  OH 
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The  remaining  bonds  can  be  solved  only  by  speculation  as 
follows.     Crotonic  acid  has  been  proved  to  have  the  formula 


H,C-+CJ"~C-+C"!""0 

_  +  -  _       +  -^— 


+      +      - 

H  H  OH 

By  reduction,  crotonic  acid  gives  butyric  acid.  The  reduction 
consists  in  the  addition  of  two  electrons  to  the  beta  carbon  atom. 
The  formula  for  butyric  acid  should  then  be 


11 

11 

H 

+ 

+ 

+ 

c- 

-  +  C  +  . 

-C- 

'*2i 

+ 

H 

+ 
H 

■f 
H 

OH 

H+-C-+C  +  -C-+CI      O  (22) 


Although  this  must  certainly  be  the  formula  at  the  moment  of 
reduction,  the  objection  might  be  raised  that  the  electrical  charges 
could  shift  after  the  hydrogen  atoms  and  the  electrons  had  been 
added.  To  assume  that  such  a  shift  did  occur  would  be  unrea- 
sonable unless  the  molecule  so  formed  contained  electrical  dyads  of 
uncertain  stability.  On  the  other  hand,  if  the  certain  stability 
of  every  dyad  in  the  molecule  could  be  proved,  the  above  formula 
should  be  considered  correct  until  some  definite  proof  to  the 
contrary  was  found.  The  undoubted  stability  of  every  dyad  in 
this  formula  is  proved  by  considering  the  electronic  skeleton  of 
the  acrylic  acid  molecule. 

-  -         +  -         -         -         4- 
+C+-C-+C+       _C-+C+-C-+C+ 

-  -         +  -         -  -         + 
(Acrylic  acid.)                        (Butyric  acid.) 

The  dyad  +CH — C—  appears  once  in  the  electrically  very 

stable  acrylic  acid  and  twice  in  the  assigned  formula  for  butyric 
acid.  The  formula  assigned  to  butyric  acid  is,  therefore,  not  only 
possible  but  extremely  probable. 

Phenylpropionic  Add  (C^i-CHz-CHi-COOH). 

The  method  used  in  proving  the  formula  for  phenylpropionic 
acid  is  almost  identical  with  that  just  described  for  propionic 
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acid.  A  detailed  proof  is  withheld  to  avoid  unnecessary  repeti- 
tion.    The  formula  is 

il         H 

+         + 

CeHs  +-C+-C-+C+IO  (23) 

+  +  - 

H       H       on 

The  charge  on  the  benzene  ring  is  given  as  positive  because  phenyl- 
propionic  acid  gives  ortho  and  para  derivatives  just  as  is  the  case 
with  all  of  the  negatively  mono-substituted  derivatives  of  ben- 
zene. Phenylpropionic  acid  is  electronically  identical  with 
propionic  acid,  a  positive  hydrogen  atom  having  been  replaced  by 
a  positive  phenyl  group. 

Two  New  Electronic  Principles. 

Principle  IV. — The  polarity  of  the  double  bond  in  an  unsaturated 
aliphatic  compound  is  determined  by  the  electrical  charge  on  the 
first  substituting  group. 

An  examination  of  the  formulas  just  presented  has  led  us  to 
conclude  that  the  polarity  of  the  double  bond  in  an  unsaturated 
ahphatic  compound  is  determined  by  the  electrical  charge  on  the 
first  substituting  group  which  we  will  call  the  directing  group. 

There  are  two  sharply  defined  types  of  unsaturated  compounds, 
those  belonging  to  the  vinyl  type 

lUC  ~  +  C  4-  -  V 

and  those  belonging  to  the  acrylic  acid  type 

HjCt  ~C-  +A 
"^  ~  II 

When  the  first  substituent  is  negative  the  compound  belongs  to 
the  vinyl  type.  Such  a  compound  will  always  give  alpha  deriva- 
tives by  the  absorption  of  a  polar  compound  like  HCl.  When  the 
first  substituent  is  positive  the  compound  belongs  to  the  acrylic 
acid  type;  it  gives  only  beta  derivatives  by  the  absorption  of 
polar  compounds  like  HCl. 

Beside  these  two  simple  types,  one  very  stable  and  common 
mixed    type  is  possible;   namely,    V — hCjZC— -fA.    A  com- 
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pound  belonging  to  this  type  is  both  a  vinyl  and  an  acrylic  acid 
derivative.  Such  compounds  are  electrically  very  stable  be- 
cause their  polarity  is  fixed  by  two  groups  both  of  which  are 
striving  to  produce  the  same  electrical  configuration. 

Of  the  compounds  discussed  so  far,  allylene  belongs  to  the  vinyl 
type,  propiolic  acid  to  the  acrylic  acid  type^  and  crotonic,  cinnamic, 
tetrolic,  and  the  /3-halogenated  propiolic  acids  belong  to  the  mixed 
type.  The  chemical  properties  of  many  unsaturated  compounds 
are  too  incompletely  known  to  make  it  possible  to  prove  their 
electronic  formulas  completely.  In  such  cases  Principle  IV  is 
frequently  of  service  because  it  gives  us  a  means  of  writing  a 
fairly  authentic  formula  on  the  basis  of  a  few  absorption  reac- 
tions.    Examples  of  such  usage  will  be  given  presently. 

Principle  V. — A  carbon  atom  that  is  attached  to  an  oxygen  atom  will 
become  at  least  doubly  positive,  when  this  is  at  all  possible. 

Glycollic  acid  is  the  simplest  example  of  the  truth  of  this  prin- 
ciple.    The  electronic  formula  for  acetic  acid  is 

H 

H+-.C-  +  C"t~0 

+ 

H  OH 

When  one  of  the  paraffin  hydrogen  atoms  is  replaced  by  an  OH 
group,  the  compound  formed,  glycollic  acid,  has  the  formula 


H+-C+-CI     0 


+ 


+         + 


+  - 


OH      OH 

The  introduction  of  one  OH  group  has  caused  carbon  atom  2  to 
lose  four  electrons.  From  this  it  would  seem  that  a  triply  nega- 
tive carbon  atom  is  electrically  unstable  when  it  is  combined  with 
oxygen.  The  triply  negative  carbon  atom  will,  when  this  is 
possible,  lose  two  electrons  to  a  neighboring  carbon  atom.  Of 
the  compounds  discussed  so  far,  citric,  tartronic,  lactic,  malic, 
and  tartaric  acids  can  be  cited  as  illustrations  of  the  truth  of 
this  principle.     All  of  these  compounds  are  a-hydroxy-acids  and 
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they  all  contain  a  negative  carboxyl  group.  In  all  of  these  cases, 
the  alpha  carbon  atom,  which  is  united  with  the  OH  group,  is 
at  least  doubly  positive. 

The  real  value  of  Principles  IV  and  V  lies  in  the  fact  that  they 
give  us  a  means  of  accurately  predicting  the  behavior  of  certain 
classes  of  organic  compounds  and  of  establishing  the  formulas  for 
some  compounds  whose  chemical  properties  are  too  incompletely 
known  to  make  a  complete  proof  of  their  electronic  formulas 
possible.     We  will  now  consider  a  few  such  examples. 

Propylene  (CH^Z  CH  -  CH,) . 

In  all  of  its  absorption  reactions,  propylene  gives  only  isopropyl 
derivatives.  Thus  HCl,  HBr,  and  HI  give  isopropyl  chloride, 
bromide,  and  iodide  respectively.  Sulfuric  acid  gives  isopropyl 
sulfate  which  by  hydrotysis  gives  isopropyl  alcohol.  This  proves 
that  the  electrical  charges  constituting  the  double  bond  are  un- 
symmetrically  polar,  the  electrons  being  attached  to  carbon  atom  3. 

H+  -CI+C  — CH, 

+  4- 

H  H 

The  polarity  of  the  remaining  unsolved  bond  cannot  be  deter- 
mined directly.  That  the  CH3  group  carries  a  negative  charge 
is  rendered  highly  probable  by  the  following  line  of  reasoning. 

The  polarity  of  the  double  bond  in  propylene  is  like  that  in  the 
vinyl  compounds.  Propylene  must,  then,  be  a  vinyl  derivative; 
hence  by  Principle  IV,  the  methyl  group  is  negative.  The  com- 
plete formula  for  propylene  is 

H+-C~  +  C+-CH,  (24) 

-f  4- 

ir        H 

That  an  unopposed  methyl  group  normally  carries  a  negative 
charge  is  clearly  shown  by  an  examination  of  some  aromatic  and 
aliphatic  compounds.  Toluene  gives  ortho  and  para  derivatives 
almost  exclusively  just  as  is  the  case  with  phenol  and  chlorobcn- 
zene.  The  methyl  group,  like  the  OH  and  CI  radicals,  functions 
negatively.     Negative  methyl  groups  have  also  been  encountered 
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in  acetic  acid,  acetone,  acetoacetic  acid,  tetrolic  acid,  allylene, 
acetone  dicarbonic  acid,  and  citric  acid.  Propionic  acid  is  the 
only  compound  that  we  have  encountered  up  to  date  that  may 
contain  a  positive  methyl  group. 

AUyl  Alcohol  {CH^ZH-CH^OH), 

When  allyl  alcohol  is  heated  with  a  saturated  solution  of  po- 
ta^ium  acid  sulfite,  CH2SO8H  —  CH2  —  CH2OH  is  formed,  the 
negative  SOsH  group  going  to  the  beta  carbon  atom. 

When  allyl  alcohol  is  treated  with  hypochlorous  acid,  CHa 
OH  —  CH2CI  —  CH2OH  is  formed,  the  negative  OH  group  attach- 
ing itself  to  the  beta  carbon  atom. 

This  proves  that  the  double  bond  in  allyl  alcohol  is  uns)rm- 
metrically  polar  so  that  the  electrons  are  attached  to  carbon 
atom  2.  The  charge  on  the  CH2OH  group  cannot  be  determined 
directly;  but  there  is  good  evidence  that  it  is  positive  and  that 
the  entire  formula  for  allyl  alcohol  is 

H         H         H 

+         +         + 

H  +  -C  +  IC-  +  C  +  OH  (25) 

+ 
H 

The  indirect  proof  of  this  statement  is  as  follows. 

1.  Allyl  alcohol  gives  only  beta  derivatives  when  it  absorbs 
dectrically  polar  compounds.  In  this  respect  it  behaves  exactly 
like  acrylic  acid,  and  it  belongs,  therefore,  to  the  acrylic  acid 
type,  not  to  the  vinyl  type.  The  CH2OH  group  should,  therefore, 
be  positive  Uke  the  carboxyl  group  in  acryUc  acid  (Principle  IV). 

2.  By  Principle  V,  a  carbon  atom  that  is  attached  to  oxygen 
will  become  at  least  doubly  positive.  The  oxymethyl  group  in 
allyl  alcohol  should,  therefore,  be  positive. 

3.  To  assume  that  the  oxymethyl  group  was  negative  would  be 
unreasonable,  because  if  that  were  true,  the  polarity  of  the  double 
bond  in  allyl  alcohol  and  in  propylene  should  be  identical.  We 
can  see  no  reason  why  an  added  oxygen  atom  should  change  the 
remote  electrical  charges  on  the  molecule  if  it  were  incapable  of 
changing  the  charge  on  the  carbon  atom  to  which  it  is  attached. 
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Allyl  Chloride  {CH2ZH-CH2CI). 

AUyl  chloride  combines  with  hydrogen  chloride  at  100°  to  give 
propylene  chloride,  CH3  — CHCl  — CH2CI.  Concentrated  sulfu- 
ric acid  is  readily  absorbed  by  allyl  chloride  at  room  tempera- 
tures. When  the  resulting  acid  sulfate  is  treated  with  water, 
the  product  is  CH3  — CHOH  — CH2CI.  The  negative  group 
attaches  itself  to  carbon  atom  2  in  each  case.  These  facts  prove 
that  for  temperature  ranges  from  20  to  100°  the  charges  consti-. 
tuting  the  double  bond  are  unsjonmetrically  polar,  the  electrons 
being  attached  to  the  beta  carbon  atom.  The  partial  formula  for 
allyl  chloride  is 

H 

j- 

H  +  -c~j;c— CH2C1 

+ 

K 

The  charge  on  the  CH2CI  group  cannot  be  determined  directly; 
but  there  is  good  evidence  that  it  is  negative  and  that  the  com- 
plete formula  for  allyl  chloride  is 

H         H 

+         + 

H+-CI  +  C+-C+-C1  (2G) 

+  -f 

H  H 

The  absorption  reactions  of  allyl  chloride  are  identical 
with  those  of  propylene  and  the  vinyl  derivatives  but  the  reverse 
of  those  of  acrylic  acid  and  allyl  alcohol.  Allyl  chloride  is,  there- 
fore, a  vinyl  derivative;  the  charge  on  the  CHoCl  group  is  nega- 
tive. The  CH2OH  group  has  just  been  shown  to  be  positive. 
Although  the  negative  oxygen  atom  will,  when  possible,  repel 
two  electrons  from  the  carbon  atom  to  which  it  is  attached,  this 
seems  not  to  be  the  case  with  the  negative  chlorine  atom.  Stated 
diflferently,  when  a  carbon  atom  is  attached  to  an  oxygen  atom 
the  carbon  atom  will  be  charged  _C_  in  preference  to  ZC_,  the 
latter  form  being  rarely  capable  of  existence^.  A  carbon  atom 
that  is  attached  to  chlorine  is   perfectly  stable  when  it  is  charged 
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ZCJ[.  This  would  indicate  that  triply  negative  carbon  is  not 
inherently  unstable;  it  is  the  attached  oxygen  atom  that  renders 
it  so. 

The  negative  charge  assigned  to  the  CH2CI  group  is  in  perfect 
agreement  with  its  directing  force  as  manifested  in  the  aromatic 
series.  Benzyl  chloride  gives  ortho  and  para  derivatives  on 
halogenation  and  nitration  just  as  is  the  case  with  all  of  the  nega- 
tively mono-substituted  benzene  derivatives. 

It  might  not  be  out  of  place  at  this  point  to  call  attention  to 
the  need  of  certain  facts  that  would  help  greatly  to  establish  the 
electronic  formulas  of  some  biologically  very  important  compounds. 

1.  Since  the  CH2OH  group  in  allyl  alcohol  is  surely  positive, 
it  ought  also  to  be  positive  in  benzyl  alcohol.  Then  benzyl  al- 
cohol or  any  of  the  ethers  derived  from  it  should  direct  the  second 
incoming  substituent  predominantly  to  the  meta  position. 

2.  It  is  very  important  for  protein  chemistry  that  we  know  how 
the  NH2  group  affects  the  carbon  atom  to  which  it  is  attached. 
Triply  negative  carbon  has  been  shown  to  be  stable  when  attached 
to  chlorine  and  unstable  when  attached  to  oxygen.  Although 
CH20HH — COOH  is  surely  the  formula  for  glycoUic  acid, 
CH2CI — hCOOH  is  probably,  therefore,  the  formula  for  monochlo- 
roacetic  acid.  What  is  the  formula  for  aminoacetic  acid?  This 
will  be  hard  to  prove  directly  because  glycine  is  an  extremely 
stable  compound;  but  the  determination  of  the  following  facts 
would  render  an  indirect  proof  possible.  Does  allyl  amine  give 
alpha  or  beta  derivatives  when  it  is  treated  with  polar  compounds? 
Does  benzyl  amine  give  ortho  and  para  or  meta  derivatives? 
From  these  facts  it  would  be  possible  to  conclude  whether  the 
NH2  group  repelled  electrons  from  the  carbon  atom  to  which  it 
is  attached  as  is  the  case  with  the  OH  group,  or  whether  triply 
negative  carbon  is  stable  when  attached  to  the  NH2  group  as  it 
is  when  attached  to  chlorine. 

3.  Does  oxygen  repel  electrons  from  the  carbon  atom  to  which 
it  is  attached  because  of  its  strongly  negative  character?  This  could 
be  determined  by  examining  the  properties  of  certain  fluorine  deriva- 
tives. Since  fluorine  is  more  decidedly  negative  than  oxygen, 
it  should  be  able  to  repel  electrons  from  the  carbon  atom  to  which 
it  is  attached  at  least  as  certainly  as  oxygen  if  this  repulsion  was 
occasioned  by  the  negative  character  of  the  fluorine  atom.    The  oxy- 
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gen  atom  may  prove  to  be  unique  in  this  respect,  which  might 
throw  some  Hght  upon  the  intra-atomic  structure  of  this  atom. 
The  absorption  reactions  of  allyl  fluoride  and  the  behavior  of 
benzyl  fluoride  on  nitration,  etc.,  would  settle  this  point. 

Acrolein  (CH^ZCH-CHO). 

When  acrolein  is  treated  at  low  temperatures  with  hj^drogen 

chloride  or  hydrogen  bromide,  /3-chloro-  and  (3-  brompropionalde- 

hyde  are  formed  respectively.     This  proves  that  the  electrical 

charges  constituting  the  double  bond  are  unsymmetrically  polar,  the 

electrons  being  attached  to  carbon  atom  2.     The  partial  formula 

for  acrolein  is 

H 

+ 


H 


+~c+~c— c+ 
+  + 

H  H 


The  charge  on  the  aldehyde  group  cannot  be  determined  directly; 
but  there  is  good  evidence  that  it  is  positive  and  that  the  complete 
formula  for  acrolein  is 

H  +  -C  +  IC-+C  +  IO  (27) 

+  +         + 

H  H  H 

1.  The  absorption  reactions  of  acrolein  are  identical  with  those 
of  acrylic  acid  and  allyl  alcohol;  but  the  reverse  of  those  of  the 
vinyl  derivatives.  Acrolein,  therefore,  belongs  to  the  acrylic  acid 
type;  the  charge  on  the  aldehyde  group  is  positive  (Principle  IV). 

2.  Since  the  charge  on  the  carboxyl  group  of  acrylic  acid  has 
been  proved  to  be  positive  and  that  on  the  oxymeth}-!  group  of 
ally!  alcohol  was  proved  to  be  most  probably  positive,  it  would 
be  strange  indeed  if  the  aldehyde  group,  which  stands  between 
the  CH2OH  and  the  COOH  groups  in  degree  of  oxidation,  should 
be  negative. 

3.  Aldeln^de  groups  are  usuall}-  if  not  invariably  positive.  In 
glyoxylic  acid,  for  example,  where  an  aldehyde  and  a  carbox}^ 
group  vie  for  the  electron,  it  is  the  aldehyde  group  that  is  positive. 
In  the  aromatic  series  the  aldehyde  group  (Hrects  the  second  in- 
coming substitucnt  predominantly  to  the  meta  })()siti()n  as  is  the 
case  with  nitrobenzene. 
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INTRODUCTION. 

The  discovery  of  the  diazonium  salts  by  Griess  in  1866^  opened 
up  a  most  fruitful  field  for  scientific  investigation  by  giving  the 
investigator  a  class  of  chemical  compounds  that  are  highly  sus- 
ceptible to  a  large  variety  of  chemical  changes.  Among  these 
chemical  reactions  is  one  that  is  of  particular  value  because  it 
gives  rise  to  colored  compounds;  namely,  the  ability  of  diazonium 
compounds  to  combine  (couple)  with  imidazoles,  phenols,  and 
amines  in  alkaline  solutions.  p-Phenyldiazonium  sulfonate, 
usually  called  diazobenzenesulfonic  acid,  is  particularly  valuable 
for  colorimetric  determinations  because  it  is  comparatively  stable 
in  water  solutions,  it  does  not  couple  with  itself  to  give  a  highly 
colored  compound,  it  is  easy  to  prepare,  the  dyes  formed  from  it 
are  sufficiently  soluble  in  alkaline  solutions  to  render  the  use  of 
a  colorimeter  possible,  and  the  colors  produced,  usually  orange  to 
red,  are  easily  compared  because  they  do  not  readily  produce 
retinal  fatigue.  It  is  not  surprising  then,  to  find  that  p-phenyl- 
diazonium  sulfonate  has  been  used  for  some  time  as  a  qualita- 
tive test  for  imidazoles,  phenols,  and  amines.^- '  Up  to  th£ 
present  time  two  methods  have  been  proposed  for  the  use  of  this 
diazonium   salt  in   the  quantitative  estimation  of  imidazoles;*-  * 

*  Griess,  P.,  Ann.  chcm.  Pharm.,  186G,  cxxxvii,  39. 

'Ehrlich,  P.,  Z.  klin.  Med.,  1SS2,  v,  285;  Char.  Ann.,  1S83,  viii,  140; 
Deutsch.  mcd.  Woch,,  1883,  ix,  549;  1884,  x,  419. 

»  Pauly,  H.,  Z.  physi<d.  Chcm.,  1904,  xlii,  508;  1905,  xliv,  159. 

*  Weisz,  M.,  and  S.sobolew,  N.,  Biochnn.  Z.,  1913  14,  Iviii,  119. 

*  Koessler,  K.  K.,  and  ILmkc,  M.  T.,  J.  Biol.  Chnn.,  1919,  xxxi.\,  497. 
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but  as  far  as  is  known  to  the  authors  this  reagent  has  not  been 
used,  heretofore,  for  the  quantitative  estimation  of  phenols.  This 
paper  contains  a  detailed  description  of  methods  for  the  micro- 
chemical  colorimetric  determination  of  phenol,  o-,  m-,  and  p-cresol, 
p-oxyphenylacetic,  p-oxyphenylpropionic,  and  p-oxyphenyllactic 
acids,  tyrosine,  and  tyramine. 

From  the  standpoint  of  color  development,  these  phenols  can 
be  divided  into  three  classes;  namely, 

1.  Phenols  in  which  the  para  position  is  not  occupied  by  a 
second  substituent. 

2.  Phenols  in  which  the  para  position  is  occupied  by  a  second 
substituent  that  does  not  contain  an  amino  group. 

3.  Tyrosine  and  tyramine. 

When  the  position  para  to  the  phenol  radical  is  not  occupied^ 
as  in  phenol,  o-cresol,  and  m-cresol,  the  substitution  with  p- 
phenyldiazonium  sulfonate  occurs,  at  least  predominantly,  in 
this  position. 

H     H  H     H  H     H  H_H 

H0<;^^  H  +  HO-N  =  N-<^^-S02  •  O  Na->  Ho/^-N  =  N-<^_J>-SO,  •  O  Na  +  H,0 
H     H  H~H  H     H  H     H 

The  coupling  is  so  rapid  that  about  95  per  cent  of  the  color  has 
appeared  before  a  reading  can  be  taken  with  a  Duboscq  colori- 
meter. The  color  is  fully  developed  in  about  2  minutes  and  it 
does  not  change  for  about  3  to  5  minutes.  In  these  cases  the  color 
is  predominantly  yellow  with  just  a  dash  of  red. 

When  the  position  para  to  the  phenol  radical  is  occupied,  as  in 
p-cresol  and  the  aromatic  hydroxy-acids,  the  substitution  with 
p-phenyldiazonium  sulfonate  must  occur  in  the  ortho  position. 

H  H 

O  H     H  O  H     H 

^f'^^  +  HO-N  =  N-/^-S02-ONa-4^|'^'^-  N  =  N-<^~^-SO,- ONa  +  H,0 

The  initial  rate  of  coupling  in  this  case,  is  somewhat  slower  than 
that  of  phenol;  but  a  color  of  maximum  intensity  is,nevertheless, 
obtained  in  about  3  minutes.  The  colors  produced  are  predomi- 
nantly red  so  that  a  neutral  solution  of  Congo  red  can  serve  as  a 
comparison  standard.    These  colors  are  stable  for  from  3  to  5 
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minutes.  The  stability  of  the  color  and  the  character  of  the 
change  that  the  color  undergoes  after  it  has  reached  its  maximum 
intensity  is  a  fairly  accurate  index  of  the  composition  of  the 
aromatic  hydroxy-acid  that  is  present,  if  only  one  of  these  acids  is 
present.  This  is  discussed  in  detail  in  the  experimental  section 
of  the  paper. 

Tyrosine  and  tyramine,  in  small  concentrations,  show  an  anoma- 
lous behavior  toward  p-phenyldiazonium  sulfonate  in  alkaline 
solutions.  When  a  solution  of  tj^rosine  or  tyramine  is  first  added 
to  the  alkaline  reagent,  a  pink  color  begins  to  develop  promptly 
as  in  the  case  of  the  aromatic  hydroxy-acids.  After  about  30 
seconds,  however,  the  color  changes  sharply  to  yellow  and  fades. 
The  intensities  of  the  yellow  colors  so  produced  are  not  directly 
proportional  to  the  amount  of  tyrosine  or  tyramine  present. 
Obviously,  then,  the  usual  procedure  is  worthless  for  the  estima- 
tion of  either  tyrosine  or  tyramine. 

The  sharp  change  in  color  from  pink  to  yellow  suggested  a 
chemical  change,  perhaps  a  tautomeric  shift.  In  an  effort  to 
stabilize  the  pink  color,  or  rather  to  revive  it  after  the  initial 
reaction  had  gone  to  completion,  we  added  a  small  amount  of  a 
concentrated  solution  of  sodium  hydroxide.  The  color  was  in- 
tensified and  some  of  the  pink  tint  was  restored;  but  again  the 
color  intensities  were  not  directly  proportional  to  the  concentra- 
tion of  the  phenol.  The  phenomena  noted  were  so  similar  to 
those  that  one  would  expect  from  a  compound  in  which  a  tauto- 
meric equilibrium  existed  between  a  carbonyl  form  and  an  enol 
form  that  we  thought  to  stabilize  the  carbonyl  derivative,  which 
we  believed  to  be  most  highl}^  colored,  by  allowing  it  to  react  with 
hydroxylamine  to  form  an  oxime.  The  addition  of  hydroxylamine 
hydrochloride  to  the  alkaline  reagent  did  not  give  rise  to  an 
intensification  of  color;  but  when  sodium  hydroxide  was  added 
previous  to  the  addition  of  hydroxylamine,  a  very  intense  bluish 
red  color  was  produced  ichich  was  directly  proportional  to  the  amount 
of  tyrosine  or  tyramine  added.  Briefly  then,  the  method  for  esti- 
mating either  tyrosine  or  tyramine  consists  of 

1.  A  reaction  between  tyrosine  or  tyramine  and  /;-phcnyldia- 
zonium  sulfonate  in  an  alkaline— sodium  carbonate — solution 
which  gives  rise  to  a  primary  yellow  color.  This  reaction  is 
allowed  to  proceed  for  5  minutes. 
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2.  The  addition  of  2  cc.  of  3.0  n  NaOH,  after  the  initial  reaction 
period  of  5  minutes,  which  intensifies  the  color,  stops  any  further 
action  between  the  phenol  and  the  diazonium  salt  and  converts 
the  diazonium  salt  into  a  sodium  diazotate  which  cannot  couple 
with  the  hydroxylamine  that  is  to  be  added  later.  The  alkali 
is  allowed  to  act  for  1  minute. 

3.  The  addition  of  0.10  cc.  of  a  20  per  cent  solution  of  hydroxyl- 
amine hydrochloride,  which  gives  rise  to  a  ver>^  intense  bluish 
red  color  that  is  stable  for  at  least  half  an  hour. 

An  explanation  of  the  chemical  reactions  involved  must  ac- 
count for  the  following  facts:  Tyrosine  and  tyramine  are  the 
only  phenols,  that  we  have  examined,  that  give  a  color  intensi- 
fication with  sodium  hydroxide  and  hydroxylamine.  Since  oxy- 
phenyllactic  acid,  which  is  structurally  identical  with  tyrosine 
excepting  that  an  OH  group  replaces  the  NH2  group,  does  not 
give  a  color  intensification  with  NaOH  and  NH2OH,  the  NHt 
group  must  play  a  rdle  in  the  color  development  with  these  phenols. 

A  number  of  other  compounds  in  which  a  tautomeric  equi- 
librium exists  between  a  carbonyl  form  and  an  enol  form,  for 
example  acetaldehyde,  acetone,  and  acetoacetic  acid,  also  give  an 
intense  color  under  the  conditions  just  described.  The  color 
produced  is  almost  identical  with  that  obtained  with  tyrosine  or 
tyramine. 

We  offer  the  following  explanation  tentatively  for  these  color 
phenomena.  Work  is  now  under  way  to  determine  the  correctness 
of  the  following  formulations. 

Since  the  position  para  to  the  phenol  group  in  tyrosine  and 
tyramine  is  occupied  by  an  alanyl  side  chain,  the  substitution 
with  diazobenzenesulfonic  acid  must  occur  in  the  ortho  position. 

H  H 

O    : O 

H/\  iH  +  HO:  -N=.N-C,H4-S02-ONa      H/\-N  =  N-CeH^-SOj"- ONa 

hU- hU 

CH2  _»        CH,        +H,0 

HCNH2  HCNHa        (A) 

COO  Na  COO  Na 

Compound  A — the  yellow  phenol  form — would  be  in  tautomeric 
equilibrium  with  a  small  amount  of  the  supposedly  red  quinoid  form 


M.  T.  Hanke  and  K.  K.  Koessler  239 

H  o 

O  II  H 

H/\-N  =  N-C,H4S02  •  O  Na      H/\=  N-N-CeH4S02  •  O  Na 

hU  hU 

CH2  ^  CH2 

HCNHj  HCNH2       (B) 

COONa  COONa 

In  a  solution  made  alkaline  with  sodium  carbonate,  practi- 
cally all  of  the  compound  would  exist  in  its  phenol  form  A.  The 
addition  of  a  strong  alkali,  like  sodium  hydroxide,  would  give 
rise  to  the  sodium  phenate  derivative  of  A  which,  because  of  its 
high  degree  of  dissociation,  would  pass  more  easily  into  the  quinoid 
derivative  than  the  phenol  itself. 


Na 


O 

II  H 


H/\-N  =  N-C6H4SO2  •  ONa      H/\=  N-N-C6H4SO,  •  O  Na 

!     I 
H 


CH2  +H>0    T=>  CH2 


+  Na  OH 

HCNH2  HCNH2  (B) 

COONa  Yellow.  COONa  Red. 

The  result  would  be  an  intensification  of  color  with  the  influx 
of  red.  The  amount  of  quinoid  derivative  formed  under  the 
influence  of  alkali  must,  nevertheless,  be  small  because  the  color 
intensification  is  not  very  great.  The  addition  of  hydroxylamine 
hydrochloride  to  such  a  strongly  alkaline  solution  would  give  rise 
to  the  following  reactions. 

1.  NHjOHHCl  +  2  NaOH-^Ha  N-0  Na  +  NaCl  +  H2O 

O  N-ONa 

II  H  II  H 

H/\=  N-N-CeH4S02-  O  Na      H/\=  N-N-CJI4SO,  •  O  Xa 

"V 

2.  CH2  +H,N-ONa->  OH2  +  HjO 
HCNH, 

COONa 
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One  would  expect  the  quinoneoximehydrazone  derivative  (C) 
formed  in  this  way  to  be  dark  red.  Such  o-quinoneoximehydr£i- 
zones  seein  not  to  have  been  studied;  but  the  para  derivatives 
have  been  known  for  some  time.®  They  all  give  deep  red  alkaline 
solutions. 
o-Quinonedioxime 

H 
H/\-N-OH 

H\/-N-OH 

which  is  a  closely  related  compound,  also  gives  a  deep  red  alka^ 
line  solution.^ 

Just  why  tyrosine  should  give  a  highly  colored  quinoneoxi- 
mehydrazone while  p-oxyphenyllactic  acid  does  not  give  such 
a  highly  colored  derivative,  is  a  problem  for  future  investigation. 
The  role  played  by  the  amino  group  in  the  side  chain  of  tyrosine 
and  tyramine  is  still  obscure. 

The  reactions  that  probably  occur  when  certain  aldehydes  and 
ketones  are  treated  with  diazobenzenesuKonic  acid,  sodium 
hydroxide,  and  hydroxylamine  can  be  represented  by  the  follow- 
ing type  equations. 

Ri  Ri 

C  =  0  G  =  0  +H,0 

R,-C  iH2  + O:  =  N-N-CeH4S02  •  O  Na^      R2-C=  N-N-C^iSO,  •  O  Na 

Pale  yellow. 
Ri  Ri 

C  =  0  4-H2N-ONa-^  C  =  N-ONa  +H,0 

R,-C=  N-N-CeH^SOoONa  R^-C  =  N-N-CftH4S02  •  ONa 

H  H 

We  beheve  that  the  red  compoimds  formed  with  acetaldehyde, 
acetone,  and  acetoacetic  acid  are  the  sodium  salts  of  hydrazo- 
xime  derivatives.  Von  Pechmann  and  Wehsarg^  have  prepared 
a  hydrazoxime  derivative  of  methyl  glyoxal  which  is  similar  to 
the  compound  that  we  believe  to  be  formed  with  acetone. 

•  Borsche,  W.,  Aiiyc.  chem.  Pharm.,  1907,  ccclvii,  171. 

»  Hantzsch,  A.,  and  Glover,  W.  H.,  Ber.  chcm.  Ges.,  1907,  xl,  4344. 

•  von  Pechmann,  II.,  and  Wehsarg,  K.,  Ber.  chem.  Ges.,  1888,  xxi,  2996. 
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H  H  H 

C=  N-OH  C  =  N-N-CeH4-S02-OH 

C  =  N-NH-C»Hj  C  =N-OH 


CHa  CH3 


von  Pechmann  and  Wehsarg's  Hydrazoxime  formed  from 

hydrazoxime.  acetone. 

They  give  no  data  on  the  color  of  the  compound  in  alkahne  solu- 
tions although  they  found  the  alcohoHc  solution  to  be  yellow  and 
the  sulfuric  acid  solution  to  be  dark  red. 


EXPERIMENTAL. 

Reagents  Employed. 

Most  of  the  reagents  employed  in  these  estimations  are  identi 
cal  with  those  employed  by  us  in  the  estimation  of  imidazoles." 
A  detailed  description  is  repeated  here  for  the  sake  of  completeness. 

Stock  Sulfanilic  Acid. — Sulfanilic  acid  (4.5  gm.)  is  mixed  with 
45  cc.  of  37  per  cent  hydrochloric  acid  (sp.  gr.  1.19)  in  a  500  cc. 
volumetric  flask.  Water  is  then  added  to  the  mark.  The  solid 
dissolves  slowly;  but  completely. 

Stock  Sodium  Nitrite. — 25  gm.  of  90  per  cent  sodium  nitrite 
are  dissolved  in  water  and  diluted  to  500  cc.  in  a  volumetric 
flask. 

Sodium  Carbonate. — Baker  and  Adamson's  anhydrous  sodium 
carbonate  (5.50  gm.)  is  dissolved  in  water  and  diluted  to  exactly 
500  cc.  We  recommend  the  above  grade  because  we  have  found 
it  to  give  uniform  results.  The  purity  of  this  carbonate  is  a  very 
important  factor  in  the  color  development.  Some  grades  of  carbon- 
ate contain  impurities  that  give  yellow  colors  of  inferior  intensities. 
The  finished  carbonate  solution  must  be  preserved  in  a  glass 
vessel  that  has  little  tendency  to  dissolve  in  alkali.  Pyrex  glass 
vessels  have  proved  to  be  entirely  satisfactory. 

Stock  Methyl  Orange. — Vacuum-dried  Griibler's  methyl  orange 
(0.5000  gm.)  is  dissolved  in  water  and  diluted  to  exactly  500  cc. 
This  solution  keeps  indefinitely. 

Stock  Congo  Red. — Vacuum-dried  Griibler's  Congo  red  (2.5000 
gm.)  is  mixed  with  50  cc.  of  absolute  alcohol  in  a  500  cc.  volumet- 
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ric  flask.  Water  is  then  added  to  the  mark.  This  solution 
keeps  indefinitely. 

Stock  Add  Fuclmn, — Vacuum-dried  Harmer^s  acid  fuchsin 
(2.5000  gni.)  is  dissolved  in  water  and  diluted  to  exactly  500  cc. 
in  a  volumetric  flask.  The  thymol-preserved  solution  keeps 
indefinitely. 

Stock  Phenol  Red. — Hynson,  Westcott  and  Dunning's  phenol 
red  (0.0500  gm.)  is  dissolved  in  water  and  diluted  to  exactly 
500  cc.  The  thymol-preserved  aqueous  solution  can  be  kept  for 
at  least  1  year.  The  alcoholic  solution  employed  by  many  in- 
vestigators for  pH  determinations  deteriorates  quite  rapidly  and 
cannot  be  used  in  this  work. 

Standard  Indicator  Solutions. — For  the  estimation  of  phenol, 
a  solution  containing  10  cc.  of  stock  phenol  red  in  a  total  aqueous 
volume  of  100  cc.  is  employed.  Redistilled  water  should  be  used 
for  dilutions  and  the  volumetric  flask  should  be  thoroughly  rinsed 
with  distilled  water  before  the  phenol  red  solution  is  introduced. 
It  is  best  to  prepare  a  fresh  standard  every  day.  The  color  so 
obtained  matches  that  produced  by  phenol  perfectly.  When 
this  standard  indicator  solution  has  been  used  for  comparisons  the 
symbol  (Ph  — R)  is  suffixed  to  the  reading  obtained. 

For  the  estimation  of  o-  and  m-cresol,  a  solution  containing 
5  cc.  of  stock  methyl  orange  in  a  total  aqueous  volume  of  500  cc. 
is  employed.  The  color  so  obtained  matches  that  produced  by 
0-  and  m-cresol  almost  perfectly.  When  this  standard  indi- 
cator solution  has  been  used  for  comparisons  the  symbol  (MO) 
is  suflSxed  to  the  reading  obtained. 

For  the  estimation  of  p-cresol,  and  p-oxyphenylacetic,  p-oxyphenyl- 
propionic,  and  p-oxyphenyllactic  acids,  a  solution  containing  1.00 
cc.  of  stock  Congo  red  in  a  total  aqueous  volume  of  500  cc.  is 
employed.  When  this  standard  indicator  solution  has  been  used 
for  comparisons  the  symbol  (CR)  is  suffixed  to  the  reading 
obtained.  . 

For  the  estimation  of  tyrosine  or  tyramine,  a  solution  containing 
1  cc.  of  stock  acid  fuchsin  and  1.8  cc.  of  stock  methyl  orange  in  a 
total  aqueous  volume  of  500  cc.  is  employed.  When  this  stand- 
ard indicator  solution  has  been  used  for  comparisons  the  symbol 
(F— MO)  is  suffixed  to  the  reading  obtained. 
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Preparation  of  p-Diazohenzenesidfomc  Acid  Solution  {The 
Reagent) . 

1.50  cc.  each  of  the  stock  siilfaniHc  acid  and  sodium  nitrite 
solutions  are  measured  into  a  50  cc.  vohimctric  flask.  The  flask 
is  then  immersed  in  an  ice  bath  for  5  minutes.  Then  (kOO  cc.  more 
of  the  stock  sodium  nitrite  sohition  are  added  and  the  well  mixed 
solution  is  again  allowed  to  lie  in  the  ice  bath  for  5  minutes.  Dis- 
tilled water  is  then  added  to  the  mark  and  the  flask  returned  to 
the  ice  bath  wliere  it  is  kept.  This  reagent  must  not  be  used  for 
at  least  15  minutes  after  diluting  with  water.  We  have  found  it 
to  give  perfect  results  after  24  hours.  It  is  best,  however,  to 
prepare  a  fresh  reagent  every  day. 

Preparation  of  the  Phenols. 

Phenol. — Merck's  highest  purity  phenol  was  distilled  in  vacuo. 
The  product  collected  boiled  at  95°  in  a  vacuum  of  10  mm.  of 
Hg.  The  colorless  oil  solidified  readily.  The  colorless  crystals 
so  obtained  had  a  melting  point  of  43°.  The  substance  was  as- 
sumed to  be  100  per  cent  pure  phenol. 

o-Cresol. — A  chemically  pure  product  obtained  from  a  local 
supply  house  was  doubly  distilled  in  vacuo.  The  colorless  oil 
obtained  boiled  at  81°  at  a  pressure  of  10  mm.  and  at  188°  under 
atmospheric  pressure.  The  oil  solidified  on  standing.  The 
colorless  crystals  so  obtained  had  a  melting  point  of  32°.  It  was 
assumed  to  be  100  per  cent  pure  o-cresol. 

m-Cresol. — A  chemically  pure  product  obtained  from  a  local 
supply  house  was  doubly  distilled  in  vacuo.  The  colorless  oil 
so  obtained  boiled  at  104°  under  10  mm.  pressure  and  at  201°  under 
atmospheric  pressure.  It  did  not  solidify.  It  was  assumed  to 
be  100  per  cent  pure  m-cresol. 

p-Cresol. — The  p-cresol  was  obtained  as  a  by-product  in  the 
preparation  of  tyramine.^  The  substance  boiled  at  90-91°  at  a 
pressure  of  10  mm.  and  at  198°under  atmospheric  pressure.  The 
oil  solidified  after  standing  for  some  time.  The  colorless  crys- 
tals so  obtained  melted  at  3()°.  It  was  assumed  to  be  100  per 
cent  pure  p-cresol. 

•  Koessler,  K.  K.,  and  Hanke,  M.  T.,  J.  Biol.  Chein.,  1919,  xxxix,  585. 
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Oxyphenylacetic  Acid. — This  substance  was  obtained  as  a  by- 
product in  the  preparation  of  tyramine.®  The  colorless  solid 
had  the  following  properties. 

1.  It  melted  at  150^ 

2.  It  left  no  residue  on  ignition. 

3.  The  solid  (0.1000  gm.)  was  dissolved  in  10  cc.  of  water  and  titrated 
with  0.1  N  NaOH  using  phenolphthalein  as  indicator.  Exactly  6.59  cc.  of 
the  alkali  were  required  to  produce  the  first  change  in  the  indicator.  The 
amount  demanded  by  the  formula  is  6.58  cc.  The  substance  was,  there- 
fore, 100  per  cent  pure. 

Oxyphenylpropionic  Add. — This  compound  was  prepared 
synthetically  as  follows. 

Cinnamic  acid  was  reduced,  with  sodium  amalgam,  to  hydro- 
cinnamic  acid.^° 

p-Nitrophenylpropionic  acid  was  then  prepared  by  a  modifi- 
cation of  the  method  of  Beilstein  and  Kuhlberg.^^ 

St6hr^2  prepared  p-aminophenylpropionic  acid  by  reducing  the 
ethyl  ester  of  p-nitrophenylpropionic  acid  with  zinc  and  hydro- 
chloric acid.  He  isolated  the  zinc  double  salt  of  the  acid  and 
treated  this  with  acid  and  sodiima  nitrite  to  prepare  p-oxyphenyl- 
propionic  acid.  We  reduced  p-nitrophenylpropionic  acid  (6  gm.) 
directly  with  zinc  (14  gm.)  and  hydrochloric  acid  (50  cc.  of 
the  37  per  cent  acid)  in  alcoholic  solution  (70  cc  of  95  per  cent 
alcohol)  adding  the  acid  slowly  and  keeping  the  temperature 
below  30°.  The  colorless  Uquid  obtained,  after  the  reaction 
had  been  allowed  to  proceed  for  24  hours,  was  treated  with  23.5 
cc.  of  95  per  cent  suKuric  acid  and  subjected  to  a  distillation 
in  vacuo  at  60°.  The  pale  yellow  solid  so  obtained  was  dissolved 
in  water  (200  cc.)  treated  with  sulfuric  acid  (20  cc.  of  the  95 
per  cent  acid)  and  cooled  in  an  ice  bath.  Sodium  nitrite  (60 
cc.  of  a  5  per  cent  solution)  was  poured  into  the  cold  liquid. 
The  resulting  solution  was  allowed  to  remain  in  the  ice  bath  for 
1  hour  after  which  it  was  treated  with  250  cc.  of  water  and  heated 
to  the  boihng  point.  There  was  a  copious  evolution  of  nitrogen; 
but  practically  no  tar  formation.     The  aqueous  solution  was 

i**  Fischer,  E.,  Anleitung  zur  Darstellung  organischer  Praparate,  Bruns- 
wick, 8th  edition,  1908,  39. 

"  Beilstein,  F.,  and  Kuhlberg,  A.,  Ann.  chem.  Pharm.f  1872,  clxiii,  132. 
"  St6hr,  C,  Ann,  chem.  Pharm.,  1884,  ccxxv,  60. 
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cooled  and  extracted  with  ether.  Removal  of  the  ether,  by 
distillation,  left  a  pale  yellow  crystal  cake  weighing  4.5  gm.  which 
was  recrystallized  first  from  water  and  then  from  hot  benzene. 
The  colorless  solid  finally  obtained  had  the  following  properties. 

1.  It  melted  sharply  at  130®  (corrected). 

2.  It  left  no  residue  on  ignition. 

3.  0.166  gm.  of  the  vacuum-dried  solid  was  dissolved  in  water  and  the 
solution  titrated  with  0.20  n  NaOH  using  phenolphthalein  as  indicator. 
Exactly  5.00  cc.  of  alkali  were  required.  This  is  the  amount  demanded  by 
the  formula.    The  solid  was  100  per  cent  pure. 

p-Oxyphenyllactic  Add, — This  was  prepared  from  tyrosine  by 
the  method  of  Kotake.^^  The  colorless  solid  obtained  after 
drying  to  constant  weight  at  105°  had  the  following  properties. 

1.  It  melted  sharply  at  172**  (corrected). 

2.  It  left  no  residue  on  ignition. 

3.  0.25  gm.  was  dissolved  in  water  and  the  solution  titrated  with  0.1  n 
NaOH  using  phenolphthalein  as  indicator.  Exactly  13.70  cc.  of  alkali 
were  required,  which  is  almost  exactly  the  amount  (13.74  cc.)  required  by 
the  formula.    The  solid  was  100  per  cent  pure. 

Tyrosine. — The  tyrosine  used  in  this  work  was  prepared  from 
horn.  The  pm-e  white,  asbestos-like  sohd  had  the  following 
properties. 

1.  It  did  not  melt  at  a  temperature  of  290*0. 

2.  It  was  free  from  ammonia. 

3.  It  left  no  residue  on  ignition. 

4.  It  contained  no  cystine. 

5.  The  ammonia  obtained  from  0.1000  gm.  of  the  solid — Kjeldahl  method 
— neutralized  5.50  cc.  of  0.10  n  HCl  as  compared  with  5.52  cc.  required  by 
the  formula.    The  substance  was  100  per  cent  pure. 

Tyramine  Hydrochloride. — The  synthetic  preparation  and  prop- 
erties of  this  compound  have  been  previously  described  by  us.^ 
The  product  used  was  98.14  per  cent  pure  tyramine  hydrochloride. 
The  impurity  consisted  entirely  of  sodium  chloride. 

»•  Kotake,  Y.,  /.  vhysioL  Cham.,  1910,  Ixv,  398. 
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Procedure  for  Estimating  Phenols  Other  than  Tyrosine  or  Tyramine. 

Process  I. 

The  method  used  in  developing  the  tables  as  well  as  the  general 
procedure  for  estimating  phenols  other  than  tyrosine  and  tyra- 
mine is  illustrated  by  the  following  example. 

(1-Z)  cc.  of  water  and  5  cc.  of  the  1.1  per  cent  sodium  carbon- 
ate solution  are  accurately  measured  into  the  right-hand  cylinder 
of  a  Duboscq  colorimeter.  2  cc.  of  reagent  are  measured  into  a 
5  second  delivery  2  cc.  pipette,  the  time  noted  to  the  second,  and 
the  reagent  allowed  to  flow  into  the  alkali.  The  contents  of  the 
cylinder  are  then  thoroughly  mixed  by  allowing  the  liquid  to 
flow  repeatedly  up  the  inclined  tube  as  far  as  safety  from  loss  will 
permit.  The  mixing  should  not  take  over  30  seconds.  X  cc.  of 
the  phenol  solution  is  allowed  to  flow  into  the  cylinder  exactly 
1  minute  after  the  reagent  began  to  mix  with  the  alkaU.  The 
contents  of  the  cylinder  are  mixed  thoroughly  as  above.^*  The 
test  cylinder  is  then  transferred  to  the  colorimeter  and  set  at 
20  mm.  The  left-hand  cylinder,  which  should  contain  the  appro- 
priate standard  indicator  solution  is  then  adjusted  constantly 
until  a  maximum  reading  has  been  obtained. 

The  most  accurate  readings  can  be  obtained  by  choosing  such 
an  amount  of  phenol  solution  that  the  standard  indicator-con- 
taining cyhnder  has  to  be  set  at  from  5  to  20  mm. 

The  method  described  here  can  be  used  on  quantities  of  the 
phenol-containing  solution  varying  from  0.01  to  1  cc.  The  com- 
bined volume  of  water  and  phenol  solution  used  should  always  be 
1  cc.  Thus,  if  0.10  cc.  of  the  phenol  solution  is  to  be  used,  0.90 
cc.  of  water  is  added  to  the  test  cylinder.  Then  X  equals  0.10 
cc.  and  1-X  equals  0.90  cc. 

Estimation  of  Small  Amounts  of  Phenol. 

A  stock  1.00  per  cent  phenol  solution  was  prepared  by  dissolving 
2.0000  gm.  of  the  pure  solid  in  water  and  diluting  to  exactly 
200  cc.     From  this  the  standard  solution  was  prepared  by  dilut- 

^*  Process  II  described  on  page  257  is  the  same  as  Process  I  up  to  this 
point. 
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ing  1  cc.  to  100  cc.  Each  cc.  of  the  standard  solution  contained 
0.0001  gm.  of  phenol. 

The  color  produced  with  phenol  is  very  intense.  It  develops 
so  rapidly  that  it  has  reached  95  per  cent  of  its  maximum  value 
before  a  reading  can  be  taken.  A  maximum  color  is  obtained 
within  2  minutes  of  the  time  that  the  phenol  is  added  to  the  alka- 
line reagent.  The  color  remains  of  maximum  intensity  for  about 
5  minutes,  then  fades  slowly  without  changing  appreciably  in 
tint.  Most  people  find  this  greenish  yellow  color  hard  to  com- 
pare, without  practice,  because  of  the  speed  with  which  it  pro- 
duces retinal  fatigue.  Accurate  readings  can  only  be  obtained  by 
observing  the  colors  briefly,  setting  the  cylinder  rapidly  and 
making  the  fine  adjustment  after  a  brief  interval  of  rest.  When 
this  is  done  the  readings  can  be  checked  with  an  accuracy  of 
about  1  per  cent. 

The  previously  described  (Ph-R)  standard  indicator  solution 
was  used  for  comparisons  in  the  compilation  of  Table  I.  This 
table  shows  clearly  that  the  color  production  is  directly  propor- 
tional to  the  amount  of  phenol  used. 

Where  only  a  few  determinations  are  to  be  carried  out  it  is 
usually  simpler  to  compare  the  color  produced  by  an  unknown 
with  that  produced  by  a  measured  amount  of  a  standard  phenol 
solution,  the  two  colors  being  prepared  simultaneously.  When 
the  amount  of  standard  phenol  used  is  nearly  equal  to  that  in  the 
test  liquid,  very  accurate  results  can  be  obtained  by  this  method. 

Estimation  of  Small  Amounts  of  o-Cresol. 

A  stock  0.1  per  cent  o-cresol  solution  was  prepared  by  dissolving 
1.0000  gm.  of  the  pure  solid  in  water  and  diluting  to  exactl}^  1,000 
cc.  From  this  the  standard  solution  was  prepared  by  diluting 
10  cc.  to  100  cc.  Each  cc.  of  the  standard  solution  contained 
0.0001  gm.  of  o-cresol. 

The  color  produced  with  o-cresol  is  very  intense.  Its  speed  of 
development  is  like  that  of  phenol.  The  color,  which  is  predomi- 
nantly yellow  but  which  contains  slightly  more  pink  than  that 
produced  by  phenol,  remains  of  maximum  intensity  and  perma- 
nent tint  for  about  3  minutes;  then  it  fades  rapidly  and  acquires 
a  redder  tint.     This  color  is  easier  to  compare  than  that  of  phenol. 
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TABLE  I. 

Estimation  of  Small  Amounts  of  Phenol. 


Depth  of  indicator  Bolution  (Ph— R)  required 

Phenol  in  the  test  cylinder  (totel  volume  8  cc,) 
test  cylinder  set  at  20  mm. 

to  match  the  color  in  the  test  cylinder. 

mm. 

gm. 

1.2 

0.000001 

2  3 

0.000002 

3.5 

0.000003 

4.6 

0.000004 

5.8 

0.000005 

6.9 

0.000006 

8.1 

0.000007 

9.2 

0.000008 

10.4 

0.000009 

11.5 

0.000010 

12.7 

0.000011 

13.8 

0.000012 

15.0 

0.000013 

16.1 

0.000014 

17.3 

0.000015 

18.4 

0.000016 

19.6 

0.000017 

20.7 

0.000018 

21.9 

0.000019 

23.0 

0. 000020 

24.2 

0.000021 

25.3 

0.000022 

26.5 

0.000023 

27.6 

0.000024 

28.8 

0.000025 

29.9 

0.000026 

31.1 

0.000027 

32.2 

0.000028 

33.4 

0.000029 

34.5 

0.000030 

The  previously  described  (MO)  standard  indicator  solution  was 
used  for  comparisons  in  the  compilation  of  Table  II.  This  table 
shows  cleariy  that  the  color  produced  is  directly  proportional  to 
the  amount  of  o-cresol  used. 
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TABLE  II. 

Estimation  of  Small  Amounts  of  o-Cresol. 


Depth  of  indicator  solution  (MO)  required  to 
match  the  color  in  the  test  cylinder. 

o-Cresol  in  the  test  cylinder  (total  volume 
8  cc.)  test  cylinder  set  at  20  mm. 

mm. 

am. 

12 

0.000001 

2.4 

0.000002 

3.6 

0.000003 

4.8 

0.000004 

6.0 

0.000005 

7.3 

0.000006 

8.5 

0.000007 

9.7 

0.000008 

10.9 

0.000009 

12.1 

0.000010 

13.3 

0.000011 

14.5 

0.000012 

15.7 

0.000013 

16.9 

0.000014 

18.1 

0.000015 

19.4 

0.000016 

20.6 

0.000017 

21.8 

0.000018 

23.0 

0.000019 

24.2 

0.000020 

25.4 

0.000021 

26.6 

0.000022 

27.8 

0.000023 

29.0 

0.000024 

30.2 

0.000025 

31.5 

0.000026 

32.7 

0.000027 

33.9 

0.000028 

35.1 

0.000029 

36.3 

0.000030 

Estimation  of  Small  Amounts  of  m-Cresol. 

A  stock  0.10  per  cent  solution  of  m-cresol  was  prepared  by 
dissolving  1.000  gni.  of  the  colorless  oil  in  water  and  diluting  to 
exactly  1,000  cc.     From  this  the  standard  solution  was  prepared 
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by  diluting  10  cc.  to  100  cc.    Each  cc.  of  the  standard  solution 
contained  0.0001  gm.  of  m-cresol. 

TABLE  III. 
Estimation  of  Small  Amounts  of  m-Cresol. 


Depth  of  indicator  solution  (MO)  required  to 

m-Cresol  in  the  test  cylinder  (total  volume 
8  cc.)  test  cylinder  set  at  20  mm. 

match  the  color  in  the  test  cylinder. 

mm. 

gm. 

1.0 

0.000001 

1.9 

0.000002 

2.9 

0.000003 

3.9 

0.000004 

4.9 

0.000005 

5.8 

0.000006 

6.8 

0.000007 

7.8 

0.000008 

8.7 

0.000009 

9.7 

0.000010 

10.7 

0.000011 

11.6 

0.000012 

12.6 

0.000013 

13.6 

0.000014 

14.6 

0.000015 

15.5 

0.000016 

16.5 

0.000017 

17.5 

0.000018 

18.4 

0.000019 

19.4 

0.000020 

20.4 

0.000021 

21.3 

0.000022 

22.3 

0.000023 

23.3 

0.000024 

24.3 

0.000025 

25.2 

0.000026 

26.2 

0.000027 

27.2 

0.000028 

28.1 

0.000029 

29.1 

0.000030 

The  intense  color  produced  with  m-cresol  is  qualitatively  iden- 
tical with  that  obtained  with  o-cresol.     In  this  case,   however, 
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the  time  of  complete  development  is  about  5  mimitcs  although 
most  of  the  color  appears  immediatel}'.  At  first  the  color  is 
shghtly  more  j^ellow  than  the  (IMO)  comparison  standard.  In 
the  course  of  3  minutes  the  match  is  perfect  and  a  maximum  of 
color  is  obtained  in  5  minutes.  The  color  fades  slowl}-  and 
becomes  pinker.  The  previousl}^  described  (AIO)  standard  indi- 
cator solution  was  used  for  comparisons  in  the  compilation  of 
Table  III.  This  table  shows  clearl}^  that  the  color  production 
is  directly  proportional  to  the  amount  of  m-cresol  used. 

Estimation  of  Small  Amounts  of  p-Cresol. 

A  stock  0.10  per  cent  solution  of  p-cresol  was  prepared  b}^  dis- 
solving 1.000  gm.  of  the  colorless  solid  in  water  and  diluting  to 
exactly  1,000  cc.  From  this  the  standard  solution  was  prepared 
by  diluting  10  cc.  to  100  cc.  Each  cc.  of  the  standard  solution 
contained  0.0001  gm.  of  /)-cresol. 

In  this  case  the  color,  which  is  predominantly  red,  develops  to 
its  maximum  intensity  during  the  30  seconds  required  to  mix  the 
contents  of  the  test  cylinder.  The  readings  recorded  are  those 
obtained  immediately  after  the  test  cylinder  was  transferred  to 
the  colorimeter.  The  comparison  must  be  made  within  2  min- 
utes during  which  time  the  color  remains  of  constant  and  maxi- 
mum intensity.  Then  the  test  liquid,  although  it  changes  but 
little  in  intensity,  rapidly  acquires  a  cloudy  appearance  which 
renders  further  comparisons  untrustworthy.  This  same  cloudy 
appearance  is  also  obtained  when  the  test  li(iuid  contains  a  finely 
divided  precipitate  which  leads  us  to  believe  that  an  insoluble 
compound  appears,  after  2  minutes,  althougli  none  can  be  seen 
with  the  naked  eye. 

The  previously  described  (CTl)  standard  indicator  solution 
was  used  for  comparisons  in  the  compilation  of  Table  IV.  As 
can  be  seen  from  the  ta})le,  the  color  proihiction  is  (Hrectly  pro- 
portional to  tlie  amount  of  y^-cresol  used. 

Estimation  of  Small  Amounts  of  p-O.ryplienylacdic  Acid. 

A  stock  1.00  [)er  cent  solution  of  />-oxypli(Miyla('(Mi('  acid  was  pre- 
pared by  dissolving  1.0000  gm.  of  tiie  colorless  solid  in  water  and 
diluting  to  100  cc.     This  solution  was  i)reserved  with  chloroform. 
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From  it,  the  standard  solution  was  prepared  by  diluting  1  cc.  to 
100  cc.  Each  cc.  of  the  standard  solution  contained  0.0001  gm. 
of  p-oxyphenylacetic  acid. 

TABLE  IV. 
Estimation  of  Small  Amounts  of  jh-Cresol. 


Depth  of  indicator  solution  (CR)  required  to 

p-Cresol  in  the  test  cylinder  (total  volume 
8  cc.)  test  cylinder  set  at  20  mm. 

match  the  color  in  the  test  cylinder. 

mm. 

gm. 

2.5 

0.000005 

3.0 

0.000006 

3.5 

0.000007 

4.0 

0.000008 

4.5 

0.000009 

5.0 

0.000010 

5.5 

0.000011 

6.0 

0.000012 

6.5 

0  000013 

7.0 

0.000014 

7.5 

0.000015 

8.0 

0.000016  * 

8.5 

0.000017 

9.0 

0.000018 

9.5 

0.000019 

10.0 

0.000020 

10.5 

0.000021 

11.0 

0.000022 

11.5 

0.000023 

12.0 

0.000024 

12.6 

0.000025 

13.0 

0.000026 

13.5 

0.000027 

14.0 

0.000028 

14.5 

0.000029 

15.0 

0.000030 

In  this  case  the  color,  which  is  predominantly  red,  develops  to 
its  maximum  intensity  in  about  2  minutes.  This  color  of  maxi- 
mum intensity  is  permanent  for  about  5  minutes  after  which  it 
fades  slowly  and  becomes  yellow. 
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The  previously  described  (CR)  standard  indicator  solution  was 
used  for  comparisons  in  the  compilation  of  Table  V.  It  has  a 
color  that  is  slightly  more  red  than  that  produced  by  p-oxyphenyl- 
acetic  acid;  but  the  match  is  so  close  that  accurate  comparisons 
are  easily  made.  As  can  be  seen  from  Table  V  the  color  produc- 
tion is  directly  proportional  to  the  amount  of  p-oxyphenylacetic 
acid  used. 

TABLE  V. 

Estimation  of  Small  Amounts  of  p-Oxyphenylacetic  Acid. 


Depth  of  indicator  solution  (CR)  required 
to  match  the  color  in  the  test  cylinder. 

p-0x5T)henylacetic  acid  in  the  test  cylinder 
(total  volume  8  cc.)  test  cylinder  set  at  20  mm. 

mm. 

gm. 

3.6 

0.000010 

4.0 

0.000011 

4.3 

0.000012 

4.7 

0.000013 

5.0 

0.000014 

5.4 

0.000015 

5.7 

0.000016 

6.1 

0.000017 

6.5 

0.000018 

6.8 

0.000019 

7.2 

0.000020 

7.6 

0.000021 

7.9 

0.000022 

8.3 

0.000023 

8.6 

0.000024 

9.0 

0.000025 

9.4 

0.000026 

9.7 

0.000027 

10.1 

0.000028 

10.4 

0.000029 

10.8 

0.000030 

Estimation    of   Small    Amounts    of    p-Oxyphenylpropionic    Acid. 

A  stock  1.00  per  cent  solution  of  p-oxyphenylpropionic  acid  was 
prepared  by  dissolving  1.0000  gm.  of  the  solid  in  30  cc.  of  0.20 
N  NaOII  and  diluting,  with  water,  to  exactly  100  cc.  Chloro- 
form was  added  as  a  preservative.  The  standard  solution  was 
prepared  from  the  stock  solution  by  diluting  1.00  cc.  of  the  latter 
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to  100  cc.    Each  cc.  of  the  standard  solution  contained  0.0001 
gm.  of  p-oxyphenylpropionic  acid.    The  color,  which  is  predomi- 

TABLE  VI. 
Estimation  of  Small  Am4)unts  of  p-Oxyphenylpropionic  Acid. 


E>epth  of  indicator  solution  (CR)  required 

p-Oxyphenylpropionic  acid  in  the  test  cylinder 
(total  volume  8  cc.)  test  cylinder  set  at  20  mm. 

to  match  the  color  in  the  test  cylinder. 

mm. 

gm. 

3.1 

0.000010 

3.4 

0.000011 

3.7 

0.000012 

4.0 

0.000013 

4.3 

0.000014 

4.6 

0.000015 

5.0 

0.000016 

5.3 

0.000017 

5.6 

0.000018 

5.9 

0.000019 

6.2 

0.000020 

6.5 

0.000021 

6.8 

0.000022 

7.1 

0.000023 

7.4 

0.000024 

7.7 

0.000025 

8.1 

0.000026 

8.4 

0.000027 

8.7 

0.000028 

9.0 

0.000029 

9.3 

0.000030 

9.6 

0.000031 

9.9 

0.000032 

10.2 

0.000033 

10.5 

0.000034 

10.8 

0.000035 

11.1 

0.000036 

11.5 

0.000037 

11.8 

0.000038 

12.1 

0.000039 

12.4 

0.000040 

nantly  red,  develops  to  its  maximum  intensity  in  about  2  min- 
utes and  undergoes  no  change  for  from  1  to  3  minutes  depending 
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upon  the  quantity  of  p-oxyphenylpropionic  acid  present  and  the 
room  temperature.  This  period  of  color  constancy  is  followed, 
rather  sharply,  by  a  rapid  decline  in  color  intensity,  a  cloudy  ap- 
pearance and  a  change  in  tint.  The  values  recorded  in  Table 
VI  are  those  obtained  just  previous  to  this  change. 

The  previously  described  (CR)  standard  indicator  solution 
was  used  for  comparisons  in  the  compilation  of  Table  VI.  This 
table  shows  that  the  color  production  is  directly  proportional  to 
the  amount  of  p-oxyphenylpropionic  acid  present. 

Estimation  of  Small  Amounts  of  p-Oxyphenyllactic  Add. 

A  stock  1 .00  per  cent  solution  of  p-oxyphenyllactic  acid  was  pre- 
pared by  dissolving  1.0000  gm.  of  the  pure  solid  in  56  cc.  of  0.1  n 
NaOH  and  diluting  with  water  to  exactly  100  cc.  Chloroform 
was  added  as  a  preservative.  The  standard  solution  was  pre- 
pared by  diluting  1.00  cc.  of  the  stock  solution  to  100  cc.  Each 
cc.  of  the  standard  solution  contained  0.0001  gm.  of  p-oxyphenyl- 
lactic  acid. 

The  color,  which  is  predominantly  red,  develops  to  its  maximum 
intensity  in  about  4  minutes  and  undergoes  no  change  for  about 
5  minutes.  The  (CR)  standard,  which  was  used  for  compari- 
sons in  the  compilation  of  Table  VII,  is  sHghtly  more  red  than 
the  color  produced  by  p-oxyphenyllactic  acid;  but  the  discrep- 
ancy in  tint  is  too  slight  to  interfere  with  the  accuracy  of  the 
comparisons.  The  slowness  of  the  color  development,  the  slight 
yellow  tint,  and  the  stability  of  the  color  are  characteristics  for 
oxyphenyllactic  acid.  In  this  case  there  is  no  sharp  color  change 
and  the  liquid  does  not  become  cloudy  as  in  the  case  of  oxyphenyl- 
propionic  acid. 

The  tabular  values  have  been  carried  out  to  the  second  place 
because  these  figures  are  obviously  more  correct  than  the  actual 
readings  which  can,  of  course,  be  obtained  with  an  accuracy  of 
only  one  decimal  place.  Thus  for  0.000019  gm.  of  p-oxyphenyl- 
lactic  acid  a  reading  of  either  4.70  or  4.80  mm.  is  obtained;  but 
the  correct  reading  would  be  4.75.  This  figure  (4.75)  therefore, 
appears  in  the  table.  As  in  the  case  of  the  other  i)hcnols,  the 
color  production  is  directly  proportional  to  the  amount  of  the 
phenol  used. 


TABLE  VII. 
Estimation  of  Synall  Amounts  of  p-Oxyphenyllactic  Acid. 


Depth  of  indicator  solution  (CR)  required 

p-Oxyphenyllactic  acid  in  the  test  cylinder 

to  match  the  color  in  the  test  cylinder. 

(total  volume  8  cc.)  teat  cylinder  set  at  20  n)m. 

mm. 

.«. 

2.5 

0.000010 

2.76 

0.000011 

3.0 

0.000012 

8.26 

0.000013 

8.5 

0.000014 

8.76 

0.000015 

4.0 

0.000016 

4.25 

0.000017 

4.5 

0.000018 

4.75 

0.000019 

6.0 

0.000020 

6.25 

0.000021 

6.6 

0.000022 

6.76 

0.000023 

6.0 

0.000024 

6.25 

0.000025 

6.6 

0.000026 

6.76 

0.000027 

7.0 

0.000028 

7.26 

0.000029 

7.6 

0.000030 

7.76 

0.000031 

8.0 

0.000032 

8.26 

0  000033 

8.6 

0.000034 

8.76 

0.000035 

9.0 

0.000036 

9.26 

0.000037 

9.5 

0.000038 

9.75 

0.000039 

10.0 

0.000040 

10.25 

0.000041 

10.5 

0.000042 

10.75 

0.000043 

11.0 

0.000044 

11.25 

0.000045 

11.5 

0.000046 

11.75 

0.000047 

12.0 

0.000048 

12.25 

0.000049 

12.6 

0.000050 

266 
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Procedure  for  the  Estimation  of  Small  Amounts  of  Tyrosine  and 

Tyr  amine. 

Process  II. 

As  has  already  been  pointed  out  in  the  introduction,  tyrosine 
and  tyramine  show  an  anomalous  behavior  toward  p-phenyldia- 
zonium  sulfonate  in  alkaline — sodium  carbonate — solutions. 
When  a  solution  of  tyrosine  or  tyramine  is  added  to  the  alkaline 
reagentj^a  pink  color  develops  promptly,  as  in  the  case  of  the 
aromatic  hydroxy-acids.  After  about  30  seconds,  however,  the 
color  changes  sharply  to  yellow  and  fades.  The  pink  color  is 
too  evanescent  to  compare  and  the  intensities  of  the  yellow  colors 
are  not  directly  proportional  to  the  amount  of  tyrosine  or  tyramine 
used.  The  procedure  that  has  been  found  to  give  satisfactory 
results  with  the  other  phenols,  and  with  imidazoles,  cannot  be 
used  for  the  estimation  of  tyrosine  or  tyramine.  The  procedure 
finally  adopted  is  given  below;  the  reasons  for  its  adoption  and 
an  explanation  of  the  chemical  reactions  involved  have  already 
been  given  in  the  introduction. 

Process  I  described  for  the  other  phenols  (see  page  246)  is 
followed  as  far  as  foot-note  14.  The  test  cylinder  is  allowed  to 
stand  for  exactly  5J  minutes  from  the  time  that  the  tyrosine  or 
tyramine  solution  began  to  mix  with  the  alkaline  reagent.  This 
gives  rise  to  a  primary  color  that  is  yellow  to  orange  and  whose 
intensity  is  not  directly  proportional  to  the  amount  of  the  phenol 
used. 

Sodium  hydroxide  (2.00  cc.  of  a  3.0  n  solution)  is  added  and  the 
contents  of  the  cylinder  thoroughly  mixed  as  before.  This  gives 
rise  to  a  marked  color  intensification  with  a  change  of  tint  toward 
red,  the  color  still  being,  however,  predominantly  yellow. 

Exactly  1  minute  after  the  sodium  hydroxide  solution  began  to 
mix  with  the  liquid  in  the  test  cylinder,  0.10  cc.  of  a  20  per  cent 
solution  of  hydroxylamine  hydrochloride^^  is  rapidly  introduced 
and  the  contents  of  the  cylinder  are  again  thoroughly  and  rapidly 
mixed.  At  first  there  is  no  change  in  color.  Then  suddenly,  after 
a  latent  period  of  from  5  to  10  seconds,  an  intense  bluish  red  color 

"This  WHS  obtained  from  the  Special  ('hemicals  Co.,  Iliglihind  Park, 
Illinois. 
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develops.  This  secondary  color  develops  to  its  full  intensity  while 
the  cylinder  and  contents  are  being  agitated  (30  seconds)  and 
changes  very  little  in  tint  or  intensity  in  half  an  hour.  It  is  best 
to  introduce  the  hydroxylamine  solution  from  a  rapid  delivery 
0.10  cc.  pipette  and  to  have  the  liquid  well  mixed  before  the  second- 
ary color  begins  to  develop.  The  test  cylinder  is  transferred  to 
the  right-hand  side  of  the  Duboscq  colorimeter  and  set  at  25  mm. 
The  left-hand  cylinder,  which  contains  the  previously  described 
(F-MO)  comparison  standard,  is  then  adjusted  until  the  two 
halves  of  the  field  are  identical  in  tint  and  intensity. 

The  color  is  easily  compared  and  the  determinations  are  accurate 
to  about  0.5  to  1.5  per  cent.  If  the  process  is  properly  carried 
out,  the  correction  blank  (see  later)  is  about  0.30  mm.  (F-MO). 
This  amount  must  be  subtracted  from  the  actual  reading  to  ob- 
tain the  values  recorded  in  Table  VIII.  We  have  found  that  a 
high  laboratory  temperature  raises  this  correction  blank  from 
0.10  to  0.20  mm.  The  hydroxylamine  solution  must  not  be  intro- 
duced until  the  sodium  hydroxide  has  been  allowed  to  react  with  the 
alkaline  reagent  for  at  least  1  minute;  otherwise  a  colored  compound 
is  produced  with  the  hydroxylamine. 

The  tabular  values  are  accurate  for  laboratory  temperatures 
ranging  from  18  to  25°.  At  lower  temperatures  the  colors  are 
very  slightly  less  intense  and  at  higher  temperatures  they  are 
slightly  more  intense.  It  is  always  advisable,  before  carrying 
out  a  determination  on  an  unknown,  to  run  a  few  determinations 
on  a  standard  tyrosine  solution  to  be  certain  that  the  tabular 
values  are  accurate  for  the  existing  laboratory  conditions. 

It  is  a  curious  coincidence  that  the  tabular  values  are  identical 
for  both  tyrosine  and  tyramine  hydrochloride.  The  same  table 
may,  therefore,  be  used  in  the  estimation  of  either. 

A  stock  1.00  per  cent  solution  of  tyrosine  was  prepared  by  dis- 
solving 2.0000  gm.  of  the  pure  solid  in  75  cc.  of  1.0  n  HCl  and 
diluting  with  water  to  200  cc.  From  this  the  standard  solution  was 
prepared  by  diluting  1  cc.  to  100  cc.  in  a  volumetric  flask.  Each 
cc.  of  the  standard  solution  contained  0.0001  gm.  of  tyrosine. 

A  stock  1.00  per  cent  solution  of  tyramine  hydrochloride  was  pre- 
pared by  dissolving  2.0379  gm.  of  the  98.14  per  cent  solid  in 
water  and  diluting  to  exactly  200  cc.  Chloroform  was  added  as 
a  preservative.    The  standard  solution  was  prepared  by  diluting 
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1.00  cc.  of  the  stock  solution  to  100  cc.  in  a  volumetric  flask.  Each 
CO.  of  the  standard  solution  contained  0.0001  gm.  of  tyramine 
hydrochloride. 


TABLE  VIII. 


Estimation  of  Small  Amounts  of  Tyrosine  and  Tyramine  Hydrochloride, 


Depth  of  indicator  solution  (F — MO)  required 
to  match  the  color  in  the  test  cylinder. 

Tyrosine  or  tyramine  hydrochloride  in  the 

test  cylinder  (total  volume  10.1  cc  ) 

test  cylinder  set  at  25  mm. 

mm. 

gm. 

4.0 

0.000005 

4.8 

0.000006 

5.6 

0.000007 

6.4 

0.000008 

7.2 

0.000009 

8.0 

0.000010 

8.8 

0.000011 

9.6 

0.000012 

10.4 

0.000013 

11.2 

0.000014 

12.0 

0.000015 

12.8 

0.000016 

13.6 

0.000017 

14.4 

0.000018 

15.2 

0.000019 

16  0 

0.000020 

16.8 

0.000021 

17.6 

0.000022 

18.4 

0.000023 

19.2 

0.000024 

20.0 

0.000025 

20.8 

0.000026 

21.6 

0.000027 

22.4 

0.000028 

23.2 

0  000029 

24.0 

0.000030 

The  Correction  Blank. 

When  the  reagent  and  alkali  are  mixed  in  the  absence  of  a  phenol 
derivative,  a  very  pale  yellow  color  is  produced  in  the  course  of 
5  minutes.  This  color  has  an  intensity  value  ctiuivalcnt  to  about 
0.30  mm.  of  any  of  the  standard  indicator  solutions  used.     This 
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same  amount  of  color  is  also  produced  in  the  presence  of  phenol 
derivatives  along  with  the  color  produced  by  the  phenol;  so  the 
readings  obtained  are  high  by  about  0.30  mm.  in  every  case.  It 
is  necessary,  therefore,  to  subtract  0.30  mm.  from  the  readings 
obtained  before  comparison  with  the  tables. 

Substances  That  Do  and  Do  Not  Interfere  with  the  Quantitative 
Determination  of  Phenols. 

The  tests  for  interference  were  carried  out  as  follows,  unless 
otherwise  specified. 

Tyrosine  (1.00  cc.  of  the  stock  1  per  cent  solution)  was  mixed,  in 
a  100  cc.  graduated  precision  cy Under,  with  quantities  of  the 
interfering  substances  as  given  below.  Water  was  added  to  give 
a  total  volume  of  100  cc.  Then  0.10  and  0.20  cc.  portions  of  this 
liquid  were  taken  for  the  colorimetric  determinations. 

Interference  with  the  determination  of  tyrosine  was  studied 
particularly  because  this  determination  involves  a  heretofore 
unstudied  type  of  reaction.  Phenols  other  than  tyrosine  and 
tyramine  are  determined  by  a  process  identical  with  that  used 
for  imidazoles  and  the  interference  with  that  process  has  already 
been  studied  and  reported. 

Sodium  and  potassium  chloride,  sulfate,  phosphate,  acetate, 
and  citrate  in  5  per  cent  concentrations  do  not  interfere  with  the 
colorimetric  determination  of  tyrosine  or  tyramine. 

Ammonium  salts  interfere  very  seriously  with  the  determination. 
When  the  concentration  of  ammonium  chloride  is  5  per  cent,  so 
much  of  a  greenish  yellow  color  is  produced  that  the  presence 
of  tyrosine  would  not  be  suspected.  Needless  to  say,  tyrosine 
could  not  be  determined  under  these  conditions.  When  the 
concentration  of  ammonium  chloride  is  1  per  cent,  the  inter- 
ference is  still  considerable  because  0.10  cc.  of  the  solution  had  a 
color  value  equal  to  9.0  mm.  (F-MO)  as  compared  to  a  normal 
value  of  8.0  mm.;  which  is  a  positive  error  of  12.5  per  cent.  The 
color  was  quite  yellow.  When  the  concentration  of  ammonium 
chloride  is  reduced  to  0.5  per  cent  results  were  obtained  that  are 
fairly  satisfactory  for  now  0.10  cc.  had  a  color  value  equal  to 
8.2  mm.  (F-MO)  which  is  102.5  per  cent  of  the  correct  reading. 
The  color  was  exactly  Hke  that  of  the  standard.  Ammonium  salts 
must  not  he  present  in  concentrations  exceeding  0.5  per  cent  in  liquids 
thai  are  to  he  examined  for  tyrosine  colorim^tricaUy. 
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Amino-acids  also  interfere  seriously  with  the  colorimetric 
estimation  of  tyrosine  as  can  be  seen  from  the  following  data. 

Leucine. — A  solution  was  prepared  containing  5  cc.  of  a  1  per 
cent  leucine  solution,  0.20  cc.  of  a  1  per  cent  tyrosine  solution,  and 
sufficient  water  to  give  a  total  volume  of  10  cc.     Of  this  solution 

0.05  cc.  had  a  color  value  equivalent  to  10.6  mm.  (F  —  MO)  and 
0.10  "      "      "      "        "  "  "  18.7     "      (F  -  MO). 

The  color  contained  far  more  yellow  than  the  comparison  stand- 
ard. Both  of  these  values  are  high,  the  0.05  cc.  reading  being 
30  per  cent  high  and  the  0.10  cc.  reading  being  15  per  cent  high. 
This  excess  of  color  is  due  to  a  yellow  compound  that  is  formed 
when  leucine  reacts  with  p-phenyldiazonium  sulfonate.  In 
this  case  the  ratio  of  leucine  to  tyrosine  was  25  to  1. 

A  second  liquid  was  prepared  containing  1.00  cc.  of  a  1  per  cent 
leucine  solution,  0.10  cc.  of  a  1  per  cent  tyrosine  solution,  and  suffi- 
cient water  to  give  a  total  volume  of  10  cc.     Of  this  solution 

0.10  cc.  had  a  color  value  equivalent  to    8.4  mm.  (F  — MO)  and 
0.20  "      "      "      "        "  "  "  16.8     "      (F  -  MO). 

The  color  obtained  contained  slightly  more  yellow  than  the  com- 
parison standard;  but  the  match  was  very  good.  These  values 
are  5  per  cent  higher  than  they  should  be.  The  ratio  of  leucine 
to  tyrosine  in  this  case  was  10  to  1. 

These  experiments  show  that  leucine  interferes  seriously  with 
the  colorimetic  estimation  of  tyrosine  when  the  ratio  of  leucine  to 
tyrosine  exceeds  10  to  1. 

Glycine.. — A  solution  was  prepared  containing  0.30  cc.  of  a  1  per 
cent  glycine  solution  and  0.10  cc.  of  a  1  per  cent  tyrosine  solution 
in  a  total  aqueous  volume  of  10  cc.     Of  this  solution 

0.10  cc.  had  a  color  value  equivalent  to    8.0  mm.  (F  —  MO")  and 
0.20    "    "      "      "        "  "  "  16.0     "      (F  -  MO). 

The  color  produced  matched  that  of  the  standard  perfectly. 
The  values  obtained  are  exactly  what  they  would  have  been  if 
glycine  had  not  been  present.  When  the  ratio  of  glycine  to  ty- 
rosine is  3  to  1,  the  colorimetric  estimation  of  tyrosine  is  not 
interfered  with. 
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A  second  solution  was  prepared  containing  0.50  cc.  of  a  1  per 
cent  glycine  solution  and  0.10  cc.  of  a  1  per  cent  tyrosine  solution 
in  a  total  aqueous  volume  of  10  cc.     Of  this  solution 

0.10  cc.  had  a  color  value  equivalent  to    8.5  mm.  (F  —  MO)  and 
0.20    "    "      "      "        "  •'  "  17.0    "      (F  -  MO). 

The  color  produced  was  distinctly  yellow  and  not  easy  to  com- 
pare with  the  (F-MO)  comparison  standard.  The  values  are  too 
high  by  6  per  cent.  Even  at  this  ratio  (5  to  1),  glycine  inter- 
feres seriously  with  the  colorimetric  determination  of  tyrosine. 
With  higher  concentrations  of  glycine  the  interference  becomes  so 
pronounced  that  a  determination  of  any  kind  is  impossible.  The 
color  produced  is  predominantly  yellow  so  that  the  color  due  to 
tyrosine  is  masked  almost  completely. 

These  experiments  show  that  glycine  interferes  seriously  with 
the  colorimetric  estimation  of  tyrosine  when  the  ratio  of  glycine  to 
tyrosine  exceeds  5  to  1.  From  these  experiments  it  is  clear  that 
the  direct  determination  of  tyrosine  colorimetrically  in  the  phos- 
photungstate  filtrate  fraction  of  a  protein  is  impossible  by  means 
of  this  method  as  it  now  stands.  Tyrosine,  excepting  for  that 
part  which  can  be  separated  by  crystallization,  is  always  associated 
with  a  high  percentage  of  other  amino-acids.  To  estimate  tyro- 
sine under  these  conditions  we  have  either  to  separate  tyrosine, 
or  some  derivative  into  which  it  can  be  quantitatively  converted, 
from  the  bulk  of  the  other  amino-acids,  or  to  remove  the  inter- 
fering NH2  groups  of  these  other  amino-acids  without  destroy- 
ing the  colorimetric  properties  of  tyrosine.  Attempts  are  now 
being  made  in  this  laboratory  to  modify  this  method  so  that  it 
will  be  applicable  to  the  estimation  of  tyrosine  in  proteins. 

Hydrogen  Peroxide. — A  solution  was  prepared  containing  0.01 
gm.  of  tyrosine  and  0.20  cc.  of  a  3  per  cent  commercial  hydrogen 
peroxide  solution  in  a  total  aqueous  volume  of  100  cc.  Of  this 
solution 

0.20  cc.  had  a  color  value  equivalent  to  10.0  mm.  (F  —  MO) 

as  compared  to  a  normal  value  of  16.0  mm.  The  color  con- 
tained far  more  yellow  than  the  comparison  standard.  Hydro- 
gen peroxide  is,  therefore,  a  very  potent  interfering  substance. 
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In  its  presence  extremely  low  and  entirely  unreliable  values  are 
obtained.  Fortunately,  hydrogen  peroxide  can  be  readily  re- 
moved from  an  aqueous  solution  by  treating  it  with  platinized  as- 
bestos. An  example  of  such  a  treatment  is  given  below  under 
formaldehyde. 

Formaldehyde. — A  liquid  was  prepared  containing  0.01  gm.  of 
tyrosine  and  5  cc.  of  commercial  formaldehyde  in  a  total  aqueous 
volume  of  100  cc.     Of  this  solution 

0.20  cc.  had  a  color  value  equivalent  to  9.2  mm.  (F  —  MO). 

The  reading  should  have  been  16.0  mm.  The  color  matched 
that  of  the  comparison  standard  very  well. 

A  liquid  was  now  prepared  containing  0.01  gm.  of  tyrosine  and 
2  cc.  of  formaldehyde  in  a  total  aqueous  volume  of  100  cc.  Of 
this  solution 

0.20  cc.  had  a  color  value  eqiHvalent  to  14.4  mm.  (F  —  MO). 

In  this  case  the  reading  was  low  by  10  per  cent. 

Finally  a  solution  was  prepared  containing  0.01  gm.  of  tyrosine 
and  1.00  cc.  of  formaldehyde  in  a  total  aqueous  volume  of  100  cc. 
of  which 

0.20  cc.  had  a  color  value  equivalent  to  16.0  mm.  (F  —  MO) . 

This  is  the  formal  reading.  In  this  concentration  (1.0  per  cent) 
formaldehyde  does  not  interfere  with  the  colorimetric  estimation 
of  tyrosine. 

It  is  of  interest  to  note  that  low  values  are  obtained  when 
formaldehyde  is  present.  Formaldehyde  does  7iot  give  a  colored 
substance  with  p-phenyldiazonium  sulfonate.  In  this  respect 
this  aldehyde  is  very  different  from  acetaldehydc,  acetone,  and 
acetoacetic  acid  since  the  latter  substances  give  intensely  colored 
compounds  witli  7>>-phenyldiazoniuin  sulfonate  in  alkaline  sohi- 
tion  after  treatment  with  sodium  hydroxide  and  hydroxylamine. 
Formaldehyde  cannot  fonn  an  olefine  enol,  it  cannot  give  rise  to 
hydrazoxime  derivatives;  the  other  three  carbonyls  can.  This 
may  account  for  their  different  behaviors. 

Since  it  is  conceiva])le  that  tyrosine  del enninat ions  might  have 
to  be  carried  out  on  liquids  containing  formaldeliyde,  we  sought 
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for  a  method  that  would  destroy  formaldehyde  without  injuring 
tyrosine.  Blank  and  Finkenbeiner^*  have  described  a  method  for 
the  quantitative  conversion  of  formaldehyde  into  sodium  formate 
by  means  of  hydrogen  peroxide.  We  found  that  this  method 
destroyed  fonnaldehyde  and  did  not  destroy  tyrosine;  but  the 
hydrogen  peroxide  left  after  the  reaction  had  gone  to  completion 
made  it  impossible  to  determine  the  tyrosine  colorimetrically.  We 
then  removed  the  hydrogen  peroxide  by  means  of  platinized 
asbestos  and  found  that  the  concentration  of  tyrosine  had  not 
changed.    The  experiment  was  conducted  as  follows. 

A  solution  was  prepared  containing  0.01  gm.  of  tyrosine,  7  cc. 
of  water,  3  cc.  of  commercial  formaldehyde,  and  17  cc.  of  3  n 
NaOH.  The  substances  were  mixed  in  a  100  cc.  graduated 
cylinder.  After  a  reaction  period  of  about  15  minutes,  hydrogen 
peroxide  (50  cc.  of  a  3  per  cent  commercial  preparation)  was 
slowly  added  to  the  contents  of  the  cylinder  without  cooling. 
After  the  evolution  of  gas  had  ceased  (15  minutes)  0.30  gm.  of 
a  5  per  cent  platinized  asbestos  was  added  to  the  liquid.  The 
evolution  of  oxygen  was  practically  nil  after  30  minutes.  The 
liquid  was  neutralized  with  5  n  sulfuric  acid  (which  took  3  cc.) 
and  diluted  to  100  cc.  Of  the  clear  colorless  liquid  obtained  after 
filtration, 

0.10  cc.  had  a  color  value  equivalent  to  8.0  mm.  (F  —  MO)  and 
Q  20  "      "    «    "        "  "  "15.9    "      (F  -  MO) 

which  is  equivalent  to  0.01  gm.  of  tyrosine  for  the  entire  test 
liquid,  100  per  cent  of  the  starting  material.  Formaldehyde  and 
hydrogen  peroxide  do  not  destroy  tyrosine  under  the  conditions 
of  the  above  experiment.  Both  of  these  interfering  substances 
can  be  completely  removed  without  interfering  with  the  color- 
producing  properties  of  tyrosine. 

CarhonyUEnol  Interference  (Acetaldehyde,  Acetone,  and 
Acetoacetic  Acid). 

These  three  substances  have  been  classified  as  carbonyl-enols 
because  they  are  capable  of  existing  in  two  tautomeric  forms; 
namely, 

»•  Blank,  O.,  and  Finkenbeiner,  H.,  Ber.  chem.  Ges.,  1898-99,  xxxi,2979. 
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Carbonyl  form.  Enol  form. 

CHs-CiO  H2C  =  C-OH 

CHj — C — CH3  CH3 — C  =  CH2 


o 


L 


H 

CH3-C0-CH>-C00H        CH3-C  =  C-COOH 

These  compounds  are  particularly  potent  as  interfering  agents 
because  they  produce  a  color,  under  the  conditions  employed  in 
the  estimation  of  tyrosine,  that  closely  resembles  that  produced 
by  tyrosine.  These  colors  are  so  intense  that  as  little  as  0.00005 
gm.  of  any  of  the  three  substances  gives  sufficient  color  to  be 
easily  read  in  a  colorimeter. 

When  the  carbonyl  derivative  is  first  added  to  the  alkaline 
reagent  a  brilliant  red  color  is  produced  that  fades  in  a  few  seconds 
and  becomes  yellow.  The  addition  of  sodium  hydroxide,  after 
the  initial  5  minute  reaction  period,  enhances  this  color  and 
changes  its  tint  to  bluish  red.  The  subsequent  addition  of  hy- 
droxylamine  gives  rise  to  an  intense  bluish  red  color  that  is  al- 
most identical  with  that  obtained  with  tyrosine. 

The  fact  that  so  simple  a  substance  as  acetaldehyde  should  give 
a  color  similar  to  that  obtained  with  tyrosine  would  lead  one  to 
suspect  that  this  carbonyl-enol  tautomerism  played  a  role  in 
the  color  production  by  tyrosine  and  tyramine  (see  introduction 
for  the  chemical  reactions  involved).  Phenols  can  also  occur 
in  two  tautomeric  forms  that  would  properly  be  called  carbonyl 
and  enol,  respectively 
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Acetone  is  the  only  member  of  this  group  upon  which  we  have 
carried  out  any  extended  experiments.  A  stock  5  per  cent  solu- 
tion of  acetone  was  prepared  by  diluting  5  gm.  of  the  pure  prod- 
uct with  water  to  100  cc.  A  standard  solution  was  then  pre- 
pared by  diluting  4  cc.  of  the  stock  solution  to  100  cc.  Each 
cc.  of  the  standard  solution  contained  0.002  gm.  of  acetone.  When 
0.20  cc.  of  this  standard  solution  (equivalent  to  0.0004  gm.  of 
acetone)  was  mixed  with  the  alkaline  reagent  and  subsequently 
treated  with  sodium  hydroxide  and  hydroxylamine  as  in  the 
tyrosine  determination,  a  color  was  produced  that  was  equivalent 
to  about  8.5  mm.  (F-MO),  the  color  being  slightly  redder  than 
that  of  the  comparison  standard.  It  was  almost  impossible  to 
obtain  exactly  this  value  on  repetition  because  the  shghtest  change 
in  the  primary  reaction  time  produced  a  large  change  in  the  read- 
ing finally  obtained.  We,  therefore,  tried  several  experiments 
(using  0.20  cc.  of  the  standard  acetone  solution)  in  which  this 
reaction  time  was  elongated.  With  a  reaction  time  of  15  minutes 
a  color  value  of  29.6  mm.  (F-MO)  was  obtained.  With  a  reaction 
time  of  25  minutes  a  color  value  of  31.6  mm.  (F-MO)  was  ob- 
tained. Obviously  then,  the  5  minute  reaction  period  that  we 
found  to  be  ample  for  the  complete  development  of  color  in  the 
case  of  tyrosine  and  tyramine  is  too  short  for  acetone.  We  have 
made  no  attempt  to  change  the  conditions  so  that  acetone  would 
give  a  maximum  constant  color;  but  this  could,  no  doubt,  be 
done.  We  wish  merely,  to  call  attention  to  the  fact  that  with 
0.0004  gm.  of  acetone  a  color  value  of  29.6  mm.  (F-MO)  was  ob- 
tained when  the  reaction  period  was  15  minutes;  hence  as  little 
as  0.00004  gm.  of  acetone  would  give  a  distinctly  perceptible 
color.  This  method  might,  therefore,  be  useful  as  a  qualitative 
test  for  traces  of  acetone  even  though  further  experiments  might 
prove  that  this  method  could  not  be  made  to  give  readings  con- 
stant enough  for  quantitative  work. 

It  seems  hardly  necessary  to  say  that  these  carbonyl-enols  can 
never  really  interfere  with  the  estimation  of  tyrosine  or  tyramine 
because  the  carbonyl  compounds  can  always  be  removed  by  dis- 
tillation or  evaporation. 

Glucose. — Glucose  and  the  other  sugars  containing  a  free  alde- 
hyde or  ketone  group  would  be  expected  to  interfere  with  the 
colorimetric  estimation  of  tyrosine  because  of  the  yellow  color 
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that  these  compounds  give  with  sodium  hj'droxide.  When  0.10 
cc.  of  a  5  per  cent  glucose  solution  is  subjected  to  the  treatment 
used  for  estimating  tyrosine,  a  very  pale  yellow  primary  color 
is  produced  which  changes  to  brown  with  marked  intensification 
on  the  addition  of  sodium  hydroxide  and  then  ]:»ecomes  redder 
when  hydroxylamine  is  added.  The  color  finally  obtained  is  still 
far  too  yellow  to  make  a  comparison  with  the  (F-AIO)  standard 
possible.  Tyrosine  (0.01  gm.)  dissolved  in  100  cc.  of  a  5  per 
cent  glucose  solution,  produces  its  own  color  just  as  it  docs  in  the 
absence  of  glucose;  but  the  color  finally  obtained  is  the  sum  of 
the  tyrosine  and  glucose  colors.     Thus,  of  this  solution 

0.10  cc.  had  a  color  vakie  equivalent  to  10.3  mm.  (F  —  r\IO)  and 
0.20    "      "    "      "        "  "  "  19.3     "      (F  -  MO). 

The  colors  obtained  in  each  case  contained  more  yellow  than 
the  comparison  standard.  If  these  readings  are  calculated  as 
tyrosine,  they  are  20  and  13  per  cent  high,  respectively. 

Although  so  high  a  concentration  of  glucose  would  interfere 
seriously  with  the  colorimetric  estimation  of  tyrosine,  lower  con- 
centrations are  less  potent.  Thus  a  tyrosine  solution  containing 
1  per  cent  of  glucose  gives  a  color  whose  tint  and  intensity  are 
exactly  like  those  of  a  solution  containing  no  glucose.  In  1  per 
cent  concentration  glucose  does  not  interfere  with  the  estimation,  of 
tyrosine. 

Alcohols. — Methyl  and  ethyl  alcohol  in  10  per  cent  concentra- 
tions give  rise  to  a  color  with  p-phenyldiazonium  sulfonate  that 
resembles  that  produced  by  tyrosine.  The  colors  are  very  faint, 
however,  so  that  a  positive  interference  of  about  20  per  cent  is 
obtained  with  10  per  cent  concentrations  of  alcohol.  We  believe 
that  the  pure  alcohols  do  riot  interfere  with  the  colorimetric 
process  and  that  it  is  the  acetone  and  acetaldehyde  present  in 
the  alcohols  that  produce  the  color.  I^thyl  alcohol,  that  has 
been  freshly  distilled  over  potassium  hydroxide  augments  the 
color  of  a  tyrosine  solution  very  little  even  when  the  alcohol  con- 
centration is  10  per  cent. 

An  aqueous  tyrosine  solution,  that  has  been  saturated  with 
amyl  alcohol,  gives  values  that  are  about  5  per  cent  too  high.  A 
chloroform  extraction  of  this  liquid  reduces  the  reading  to  about 
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2  per  cent  above  normal;  but  does  not  remove  the  amyl  alcohol 
completely.  Any  of  these  alcohols  can,  of  course,  be  completely 
removed  by  distillation  or  evaporation;  so  they  can  offer  no  per- 
manent difficulty. 

Chloroform,  toluene,  and  ether  that  has  been  distilled  over 
sodium,  do  not  interfere  with  the  colorimetric  estimation  of 
tyrosine. 

Charcoal. — In  our  earlier  work  we  found  that  animal  or  vege- 
table charcoal  adsorbed  appreciable  quantities  of  imidazoles  and 
we  advised  against  the  use  of  charcoal  in  any  liquid  that  was  to 
be  tested  quantitatively  for  imidazoles.  The  adsorption  power 
of  charcoal  for  phenols  is  far  greater  than  for  imidazoles  as  can 
be  seen  from  the  following  data. 

5  cc.  each  of  the  1  per  cent  stock  solutions  of  tyrosine,  tyramine, 
and  phenol  were  separately  diluted  to  100  cc.  and  treated  with 
1  gm.  of  Pfanstiehl's  decolorizing  charcoal.  After  10  minutes 
of  agitation  the  liquids  were  filtered  and  colorimetric  estimations 
made  on  the  clear  filtrates. 

Of  the  tyrosine  solution, 

0.10  cc.  had  a  color  value  equivalent  to  9.2  mm.  (F  —  MO) 

which  is  equivalent  to  0.0115  gm.  of  tyrosine;  hence  0.0385  gm. 
of  tyrosine  was  adsorbed  by  1  gm.  of  charcoal. 
Of  the  tyramine  solution, 

0  10  cc.  had  a  color  value  equivalent  to  20.5  mm.  (F  —  MO) 

which  is  equivalent  ta 0.0256  gm.  of  tyramine  hydrochloride;  hence 
0.0244  gm.  of  tyramine  hydrochloride  was  adsorbed  by  1  gm.  of 
charcoal. 

Of  the  phenol  solution, 

1.0  cc.  had  a  color  value  equivalent  to  18.4  mm.  (Ph  —  R) 

which  is  equivalent  to  0.0016  gm.  of  phenol;  hence  0.0484  gm.  of 
phenol  was  adsorbed  by  1  gm.  of  charcoal. 

Barium  sulfate  precipitates  do  not  adsorb  phenols  from  a  neutral 
or  acid  solution. 
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SUMMARY. 

1.  Methods  have  been  devised  for  the  quantitative  color imetric 
estimation  of  phenol,  o-,  m-,  and  79-cresol,  p-oxj^phenj'lacetic,  p- 
oxyphenylpropionic,  and  p-oxyphenyllactic  acids,  tyrosine,  and 
tyramine. 

2.  These  methods  are  based  upon  the  well  known  fact  that 
phenols  react  with  diazonium  compounds  in  alkaline  solutions  to 
give  colored  derivatives.  A  freshly  prepared  solution  of  p-phenyl- 
diazonium  sulfonate  is  mixed  with  a  dilute  solution  of  sodium 
carbonate.  A  dilute  solution  of  the  phenol  whose  concentra- 
tion is  to  be  estimated  is  mixed  with  the  alkaline  reagent  which 
gives  rise  to  a  primary  color  that  is  yellow  to  red  depending  upon 
the  character  of  the  phenol. 

3.  The  phenols  studied  can  be  divided  into  three  classes. 

A.  Phenols  in  which  the  para  position  is  not  occupied  by  a 

second  substituent. 

B.  Phenols  in  which  the  para  position  is  occupied  by  a  sec- 

ond substituent  that  does  not  contain  an  amino  group. 

C.  Tyrosine  and  tyramine. 

Phenols  belonging  to  Class  A  (phenol  and  0-  and  m-cresol), 
couple  with  great  speed  and  give  rise  to  yellow  colors. 

Phenols  belonging  to  Class  B  (p-cresol,  p-oxyphcnjdacetic, 
p-oxyphenylpropionic,  and  p-oxyphenyllactic  acids),  couple  more 
slowly  than  those  belonging  to  Class  A  .  The  color  produced  is 
predominantly  red. 

Tyrosine  and  tyramine  show  an  anomalous  behavior  toward 
alkaline  (Na^COa)  p-phenyldiazonium  sulfonate.  An  evanescent 
pink  color  is  produced  at  first,  which  fades  in  30  seconds  to  a 
yellow  of  inconstant  intensity.  The  simple  process  employed 
for  the  estimation  of  imidazoles  and  the  other  phenols  cannot, 
therefore,  be  used  for  the  estimation  of  tyrosine  and  tyramine. 
The  primary  yellow  color  produced  by  tyrosine  or  tyramine  is 
enhanced  somewhat  by  the  addition  of  so(Hum  liych'oxide.  The 
colors  produced  are  not  directly  proportional  to  the  amoimt  of 
phenol  present.  If  this  strongly  alkaline  licjuid  is  now  treated 
with  a  small  amount  of  hydroxylaniine  hydrochloride,  a  very 
intense  bluish  red  color  is  produced  whose  intensity  is  directly 
proportional  to  the  amount  of  tyrosine  or  tyramine  present 
(Process  II). 
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4.  Tables  are  given  for  the  direct  determination  of  quantities 
of  these  phenols  ranging  from  0.000001  to  0.00005  gm.  The 
amount  of  the  phenol  derivative  in  any  quantity  of  liquid  can  then 
be  determined,  by  multiplication,  with  an  accuracy  of  from  0.5 
to  3  per  cent. 

5.  The  alkali  salts  of  the  common  organic  and  inorganic  acids 
do  not  interfere  with  either  of  the  above  two  colorimetric  processes. 

Ammonium  salts  and  amino-acids  give  an  intense  yellow  color 
with  the  process  used  for  the  estimation  of  tyrosine  and  tyramine 
(P*rocess  II).  High  values  are  obtained  if  these  nitrogen  com- 
pounds are  present  in  sufficient  concentration. 

Hydrogen  peroxide  and  formaldehyde  suppress  the  color  pro- 
duction by  tyrosine;  hence  in  the  presence  of  these  compounds 
low  values  are  obtained. 

Acetaldehyde,  acetone,  and  acetoacetic  acid  give  rise  to  a  color 
that  is  qualitatively  identical  with  that  obtained  with  tyrosine  and 
tyramine.  The  colors  are  so  intense  that  the  possibihty  of  using 
this  method  in  the  estimation  of  these  carbonyl  derivatives  sug- 
gests itself. 

The  presence  of  the  ordinary  alcohols  leads  to  high  readings 
probably  because  of  the  presence  of  aldehydes  or  ketones  in  the 
alcohols. 

1  gm.  of  vegetable  charcoal  adsorbs  0.0385  gm.  of  tyrosine, 
0.0244  gm.  of  tyramine,  and  0.0484  gm.  of  phenol  from  100  cc. 
of  an  aqueous  solution  that  originally  contained  0.05  gm.  of  the 
above  phenols. 


Reprinted  from  The  Journal  of  Biological  Chemistry 
Vol.  L,  No.  1,  January,  1922 


STUDIES  ON  PROTEINOGENOUS  AMINES, 

XV.     A    QUANTITATIVE    METHOD    FOR    THE    SEPARATION    AND 

ESTIMATION    OF   PHENOLS   INCLUDING   PHENOL,   o-,    m-, 

AND  p-CRESOL,  p-OXYPHEN/LACETIC,  p-OXYPHENYL- 

PROPIONIC,    AND    p-OXYPHENYLLACTIC    ACIDS, 

TYROSINE,  AND  TYRAMINE. 

By  MILTON  T.  HANKE  and  KARL  K.  KOESSLER. 

{From  the  Otho  S.  A.  Sprague  Memorial  Institute  and  the  Department  of 
Pathology,  University  of  Chicago,  Chicago.) 

(Received  for  publication,  October  21,  1921.) 

A  study  of  the  products  formed  from  tyrosine  by  the  action  of 
hving  cells  has  always  been  less  difficult  than  the  study  of  the 
products  formed  from  histidine  because  the  phenols  formed  can 
be  easily  separated  into  several  well  defined  , groups.  Experi- 
ments on  tyrosine  have  almost  invariably  been  conducted  on  a 
large  scale,  however,  because  the  products  formed  have  had  to 
be  identified  and  estimated  by  a  process  of  isolation  and  puri- 
fication. A  purely  chemical  method,  applicable  to  small  amowits 
of  material,  that  would  effect  a  quantitative  separation  into  the  maxi- 
mum possible  number  of  groups  and  that  would  perm  it  an  accurate 
determination  of  the  constituents  of  each  group  icithout  the  necessity 
for  an  actual  isolation  of  the  constituents,  would  be  superior  to  any 
previously  described  method. 

In  the  preceding  communication,^  two  methods  were  described 
by  means  of  which  small  amounts  of  phenols  can  be  accurately 
estimated.  In  that  paper,  no  claims  were  made  for  the  api)lica- 
bility  of  the  method  to  mixtures  of  phenols,  it  is  the  object 
of  this  report  to  show  that  the  methods  can  also  be  applied  to 
mixtures  of  phenols  and  that  the  exact  (quantity  of  phenol,  o-, 
m-.  and  p-cresol,  /y-oxyphenylacetic,  y>-oxyphcnylpropionic,  and 
p-oxyphenyllactic  acids,  tyrosino,  and  tyraiiiine  can  be  rapidly 
and  accurately  determined.     The  method  has  Ijcen  found  to  be 

'  Koessler,  K.  K.,  and  Hanke,  M.  T.,  J.  liiol.  Chem.,  1922,  1,  2:^.5. 
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applicable,  without  modification,  to  liquid  media  in  which  bacteria 
have  been  allowed  to  metabolize  tyrosine  in  the  presence  of  salts 
and  glycerol  or  glucose.  In  its  present  form  the  method  is  not 
directly  applicable,  in  its  entirety,  to  more  complex  liquids  such 
as  urine  or  blood.  We  hope  to  modify  the  method  so  that  it 
can  be  applied  to  such  liquids.  The  underlying  principles  of  the 
method  are  as  follows: 

The  simple  phenols  that  are  apt  to  occur  associated  with  liv- 
ing matter  can  be  divided  into  four  groups. 

A.  Those  volatile  with  steam  (phenol  and  p-cresol). 

B.  Those  that  will  pass  into  ether  from  an  acidified  aqueous 
solution  (p-oxyphenylacetic,  p-oxyphenylpropionic,  and  p-oxy- 
phenyllactic  acids). 

C.  Tyramine,  which  can  be  extracted  from  an  alkaline  (sodium 
carbonate)  solution  by  means  of  amyl  alcohol. 

D.  Tyrosine,  which  remains  after  all  of  the  other  phenols  have 
been  extracted  and  which  can  be  determined  colorimetrically  if 
imidazoles  and  amino-acids  are  not  present  in  high  concentrations. 

The  acidified  mixture  of  phenols  is  first  subjected  to  a  distilla- 
tion under  ordinary  pressures.  The  volatile  phenols,  phenol  or 
p-cresol,2  pass  over  quantitatively  into  the  distillate  where  they 
can  be  determined  colorimetrically  if  only  one  of  them  is  present. 
If  these  two  phenols  are  present  together  in  nearly  equal  amounts 
our  method  will  not  estimate  them  because  phenol  gives  a  yellow 
and  p-cresol  a  red  color  with  alkaline  p-phenyldiazonium  suKo- 
nate;  and  these  two  colors  cannot  be  estimated  separately  with  a 
Duboscq  colorimeter. 

The  residue  obtained  after  the  volatile  phenols  have  been  rer 
moved  by  distillation,  is  transferred  to  a  glass  dish,  concentrated 
to  a  syrupy  consistency  on  the  water  bath,  and  diluted  to  exactly 
25  cc.  Of  this  solution  10  cc.  are  transferred  to  an  extraction 
bottle  and  extracted  ten  times  with  ether  using  20  cc.  for  each 
extraction.  p-Oxyphenylacetic,  p-oxyphenj^lpropionic,  and  p- 
oxyphenyllactic  acids  pass  quantitatively  into  the  ether.  The  com- 
bined ether  extracts  are  treated  with  water  (25  cc.)  and  phosphoric 
acid  (5  drops  of  the  85  per  cent  acid)  after  which  the  ether  is 

*  0'  and  w-cresol  are  also  quantitatively  volatile  with  steam.  We  have 
not  included  them  in  our  analytical  process  because  they  are  not  apt  to 
occur  in  biological  fluids  under  ordinary  conditions. 


M.  T.  Hanke  and  K.  K.  Koessler  273 

removed  b}^  distillation,  at  first  under  ordinary  pressures  and 
then  in  vacuo.  The  aqueous  solution  is  then  diluted  to  100  cc. 
and  the  concentration  of  aromatic  hydroxy- acids  determined 
colorimetricalh^ 

Our  method  does  not  differentiate  between  the  members  of  the 
aromatic  h^^droxA'-acid  fraction  if  the}^  are  present  together  in 
the  same  solution,  l^sually,  however,  only  one  member  of  this 
group  will  be  present  under  anv  given  condition.  It  is  possible 
to  tell  not  only  how  much  of  a  given  acid  is  present  but  also  which 
one  of  the  acids  is  present  by  the  character  of  the  color  produced. 
The  color  produced  by  p-oxphenjdacetic  acid  develops  to  its  maxi- 
mum intensity  within  2  minutes  and  is  slightly  brown. 

The  color  produced  by  7?-oxyphenylpropionic  acid  is  also  fully 
developed  within  2  minutes;  but  it  contains  no  brown  and  it 
undergoes  a  sharp  change  after  2  to  3  minutes  of  color  constancy, 
that  is  characteristic  for  7>-oxyphenylpropionic  acid.  The  color, 
which  has  matched  that  of  the  (CH)  comparison  standard  per- 
fectly, suddenly  takes  on  a  cloudy  appearance  and  a  bluish  tint 
that  makes  further  comparisons  impossible. 

The  color  produced  by  /^-oxyphenyllactic  acid  comes  up  slowly 
so  that  5  mimdes  are  required  to  (jive  a  color  of  maximuyn  intensity. 
The  color  finalh^  obtained  is  slightl}^  more  yellow  than  that  of  the 
(CR)  comparison  standard.  It  is  also  quite  stable:  it  does  not 
fade  perceptibly  for  5  minutes  after  it  has  reached  its  maximum  in- 
tensity. This  color  docs  not  undergo  a  change  like  that  of 
p-oxyphenylpropionic  acid. 

The  acid-containing  aqueous  liquid,  \\  hich  has  been  freed  from 
volatile  phenols  by  distillation  and  from  aromatic  hydroxy-acids 
by  ether  extractions,  is  can^fully  treated  with  solid  anhydrous 
sodium  carbonate  until  the  li(|uid  stops  effervescing.  An  excess 
of  sodium  carbonate  (2  gm.)  is  then  added  and  the  alkaline  aqueous 
liquid  extracted  six  times  with  amyl  alcohol,  using  20  cc.  for  ea(^h 
extraction.  The  amyl  alcohol  extracts  contain  tyramine  and  the 
alkaline  aqueous  liquid  contains  tyrosine. 

A  quintui)lc  extra(;tion  of  the  amyl  alcohol  extracts  with  N 
H2S()4  removes  the  tyramine  completely  from  the  amyl  alcohol. 
Tyramine  can  then  be  estimated  colorinietrically  in  the  acjueous 
acid  liquid  after  neutralization  and  dilution  to  100  cc. 
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The  tyrosine  fraction,  which  contains  an  excess  of  sodium  car- 
bonate, is  transferred  to  a  glass  dish,  treated  with  an  excess  of 
37  per  cent  HCl,  and  concentrated  on  the  water  bath.  The  crys- 
talline residue  obtained  is  transferred  with  water  to  a  25  cc. 
graduated  cylinder  and  diluted  to  the  mark.  Tyrosine  is  then 
estimated   colorimetrically,  in  this  fraction. 

Sections  I  to  IV  of  this  report  contain  a  detailed  account  of 
the  results  of  experiments  on  known  solutions  of  phenol  deriva- 
tives by  which  the  accuracy  of  the  technique  of  the  method  for 
separating  the  phenols,  described  in  Section  V  was  experimentally 
established. 

EXPERIMENTAL  PART. 

7.  Tyrosine  and  Tyramine  Not  Destroyed  by  the  Prolonged  Action 
upon  Them  of  Hot  Hydrochloric  Acid  and  Sodium  Hydroxide. 

A,  Hot  20  Per  Cent  Hydrochloric  Acid. 

Tyrosine. — Tyrosine  (0.1000  gm.)  was  mixed  with  100  cc.  of 
20  per  cent  HCl  in  a  400  cc.  round  bottomed  Pyrex  flask.  The 
solution  was  boiled  for  24  hours  over  an  electrically  heated  sand 
bath.  The  resulting  pale  yellow  liquid  was  evaporated  on  the 
water  bath  in  a  glass  dish.  The  residue  was  treated  with  water 
and  sufficient  hydrochloric  acid  to  give  a  clear  solution.  This 
liquid  was  then  transferred  to  a  volumetric  flask  and  diluted  to 
1,000  cc.     Of  this  solution 

0.10  cc.  had  a  color  value  equivalent  to    8,0  mm.  (F— MO)  and 
0.20    "    "    "      "         "  "         "    16.0    "     (F-MO). 

The  entire  test  liquid  must,  therefore,  have  contained  0.1000  gm- 
of  tyrosine  which  is  exactly  the  amount  originally  introduced. 

Continued  boiling  with  20  per  cent  hydrochloric  add  does  not 
destroy  tyrosine  to  the  slightest  extent. 

An  entirely  similar  experiment  was  carried  out  on  0.1000  gm. 
of    tyramine    hydrochloride.     Of    the   solution  finally  obtained 

0.10  cc.  had  a  color  value  equivalent  to    8.0  mm.  (F— MO)  and 
0  20    "    "    "      "         "  "         "    16.0    "     (F-MO). 
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This,  by  table^  is  equal  to  0.1000  gm.  of  tyramine  hydrochloride 
for  the  entire  test  solution  which  is  100  per  cent  of  the  amount 
originally  introduced. 

Tyramine  is  not  injured  to  the  slightest  extent  by  continued  boil- 
ing with  20  per  cent  hydrochloric  add. 

B.  Hot  10  Per  Cent  Sodium  Hydroxide. 

Tyrosine. — Tyrosine  (0.10  gm.,  10  cc.  of  a  1  per  cent  solution) 
was  mixed  with  10  cc.  of  a  20  per  cent  solution  of  sodium  hydrox- 
ide. The  resulting  solution  was  then  heated  for  10  hours  on  the 
boiling  water  bath  in  a  small,  long  necked,  round  bottomed  flask. 
The  resulting  colorless  liquid  was  transferred,  with  water,  to  a 
1,000  cc.  volumetric  flask,  neutralized  to  litmus  paper  with  5  n 
H2SO4,  and  diluted  to  1,000  cc.     Of  this  solution 

0.10  cc.  had  a  color  value  equivalent  to    8.0  mm.  (F— MO)  and 
0.20    "    "    "      "         "  "         "    16.0    "      (F-MO), 

which  for  the  entire  solution  represents  0.10  gm.  of  tyrosine,  100 
per  cent  of  the  amount  originally  introduced. 

Tyrosine  is  not  injured  to  the  slightest  extent  ichen  it  is  heated 
for  10  hours  with  10  per  cent  sodium  hydroxide. 

Tyramine. — An  entirely  similar  experiment  was  carried  out  on 
0.1000  gm.  of  tyramine  hydrochloride.  Of  the  solution  finally 
obtained 

0.10  cc.  had  a  color  value  equivalent  to    8.0  mm.  (F— MO)  and 
0.20    "    "    "      "         "  "         "    16.0    "      (F-MO) 

which,  by  table,  is  equivalent  to  0.10  gm.  of  tyramine  hydrochlo- 
ride, 100  per  cent  of  the  amount  originally  introduced. 

Tyramine  is  not  injured  to  the  slightest  extent  when  it  is  heated 
for  10  hours  with  10  per  cent  sodium  hydroxide. 

II.  Phenol   and    o-,  w-,    and   p-Cresol  are  Quantitatively  Volatile 

with  Steam. 

p-Cresol  (0.01  gm.,  10  cc.  of  the  stock  0.1  per  cent  solution) 
was  mixed  with  140  cc.  of  water  in  a  500  cc.  distilling  flask.     The 

•  Tables  for  converting  colorimetric  readings  into  gm.  of  phenols  are 
given  in  the  preceding  article  {J.  Biol.  Chem.,  1922,  1,  235). 
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flask  was  heated  with  a  gas  burner  through  a  small  hole  in  an 
asbestos  gauze.  The  hot  vapors  were  condensed  in  a  spiral 
glass  condenser,  the  distillate  being  collected  in  a  100  cc.  grad- 
uated cylinder. 

Collections. 

1 .  Total  volume  of  the  distillate  was  50  cc. ,  of  which 
0.10  cc.  had  a  color  value  equivalent  to  8.0  mm.  (CR). 

This,  by  table,  is  equivalent  to  0.0080  gm.  of  p-cresol,  80  per  cent  of  that 
originally  introduced. 

2.  Total  volume  of  the  distillate  was  50  cc.  of  which 
0.40  cc.  had  a  color  value  equivalent  to  6.3  mm.  (CR). 

This,  by  table,  is  equivalent  to  0.001575  gm,  of  p-cresol,  15.75  per  cent 
of  the  amount  originally  introduced. 

At  this  time,  100  cc.  of  distilled  water  were  introduced  into  the 
distilling  flask  and  the  distillation  was  continued. 

3.  Total  volume  of  the  distillate  was  60  cc.  of  which 
1.00  cc.  had  a  color  value  equivalent  to  3.0  mm.  (CR). 

This,  by  table,  is  equivalent  to  0.00036  gm.  of  p-cresol,  3.6  per  cent  of  the 
amount  originally  introduced. 

4.  The  fourth  50  cc.  of  distillate  had  no  color  value. 
The  total  recovery  of  p-cresol  in  this  case  was 

First     50  cc.  contained 0.0080     gm. 

Second  50  "  "         0.001575  " 

Third    60"  "         0.00036     " 

0.009935   " 
which  is  99.35  per  cent  of  the  amount  originally  introduced. 

A  second  experiment  was  now  carried  out  to  see  if  a  large  quan- 
tity of  p-cresol  could  be  recovered  quantitatively.  This  was  a 
duplicate  of  Experiment  1  excepting  that  0.10  gm.  of  p-cresol 
was  used  instead  of  0.01  gm. 

Collections. 

1.  Total  volume  of  the  distillate  was  100  cc.  The  color  produced  with 
O.lOcc.  of  this.liquid  was  so  intense  that  a  direct  comparison  was  impos- 
sible; hence  10  cc.  of  the  distillate  were  diluted  to  100  cc.  Of  this  diluted 
solution 

0.20  cc.  had  a  color  value  equivalent  to  9.4  mm.  (CR) 
which,  by  table,  is  equivalent  to  0.004  gra.  of  p-cresol  for  the  entire  dis- 
tillate, 94  per  cent  of  the  amount  originally  introduced. 
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2.  Total  volume  of  the  distillate  was  100  cc.  of  which 
0.20  cc.  had  a  color  value  equivalent  to  6.3  mm.  (CR). 

This,  by  table,  is  equal  to  0.0063  gm.  of  p-cresol  for  the  entire  distillate, 
6.3  per  cent  of  the  amount  originalh^  introduced. 

3.  Total  volume  of  the  distillate  was  50  cc.  of  which 
1.00  cc.  had  a  color  value  equivalent  to  7.2  mm.  (CR). 

This,  by  table,  is  equal  to  0.000072  gm.  of  p-cresol,  0.072  per  cent  of  the 
amount  originally  introduced. 

4.  Total  volume  of  the  distillate  was  50  cc.  of  which 
1.00  cc.  had  a  color  value  equivalent  to  3.5  mm.  (CR). 

This  is  equal  to  0.000035  gm.  of  p-cresol,  0.035  per  cent  of  the  amount 
originally  introduced. 

5.  The  fifth  50  cc.  of  distillate  had  no  color  value. 

The  total  recovery  in  this  case  was 

First      100  cc.  contained 0.094000  gm. 

Second  100"  "  0.0063 

Third      50"  "  0.000072    " 

Fourth    50"         "  0.000035    " 

0.100407    "    ofp-cresol 

which  is  100.4  per  cent  of  the  amount  originally  introduced. 

Entirely  similar  experiments  were  conducted  on  solutions  of 
phenol,  and  o-  and  m-cresol.  In  every  case  between  99  and  100.5 
per  cent  of  the  phenol  was  recovered  and  accounted  for,  colori- 
metrically,  in  the  distillate. 

Phenol,  0-,  m-,  and  p-cresol  are  completely  volatile  ivith  steam  and 
they  can  be  estimated  quantitatively  in  the  distillates. 

III.  The  Aromatic  Hydroxy-Acids  Can  Be  Quantitatively  Extracted 
from  an  Acidified  Aqueous  Solution  with  Ether. 

When  an  acidified  aqueous  solution  containing  any  of  the  aro- 
matic hydroxy-acids  is  extracted  ten  times  with  redistilled  ether, 
the  aromatic  hydroxy-acids  pass  quantitatively  into  the  ether 
because  the  aqueous  liquid  no  longer  gives  the  slightest  color  with 
Pauly^s  reagent.^  If  the  ether,  which  nuist  surely  contain  all  of 
the  aromatic  hydroxy-acids,  is  now  removccl  by  (listilhition,  and 
the  residue  diluted  with  water  to  a  dofinite  volume,  a  colorimetric 
determinatio7i  by  the  usual  ])roa'ss  either  fails  to  reveal  the  prcsena- 
of  any  phenol  or  gives  values  that  are  far  beloir  the  theontical. 

<  Pauly,  H.,  Z.  physiol.  Chcm.,  1904,  xlii,  508;  1905,  xliv,  159. 
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We  thought,  at  first,  that  the  aromatic  hydroxy-acids  might 
be  slightly  volatile  with  steam  or  ether  vapor;  but  we  soon  proved 
that  this  was  not  true.  The  other  possibility  was  that  the  ether 
contiiined  some  imperfectly  volatile  substances  that  prevented 
the  phenol  from  combining  with  p-phenyldiazonium  sulfonate  in 
alkaline  solution.  We  surmised  that  the  interfering  substance 
was  an  oxidation  product  of  the  ether,  perhaps  peroxide  in  char- 
acter. To  remove  this,  we  agitated  a  sample  of  redistilled  ether 
with  alkaline  permanganate  until  the  permanganate  had  been 
decolorized,  and  redistilled  the  ether  layer.  An  extraction  of  the 
aromatic  hj-droxy- acids  with  this  freshly  prepared  ether  was  then 
carried  out.  Theoretical  values  were  always  obtained  with 
these  ether  extracts.  If,  however,  the  ether  was  not  used  for  a 
day  or  two,  low  values  were  again  obtained.  To  avoid  the  ne- 
cessity of  having  to  prepare  a  fresh  supply  of  ether  each  day,  we 
modified  the  usual  colorimetric  procedure  as  follows. 

(1-A')  cc.  of  water  and  X  cc.  of  the  aromatic  hydroxy-acid-con- 
taining  liquid  were  treated,  for  2  minutes,  with  2  cc.  of  the 
nitrous  acid  containing  p-phenyldiazonium  sulfonate  reagent.  The 
1.1  per  cent  sodium  carbonate  solution  (5  cc.)  was  then  added. 
This  inverse  process,  which  is  similar  to  the  process  usually  used 
for  the  qualitative  determination  of  phenols  or  imidazoles,  gave 
theoretical  values  both  with  pure  solutions  of  aromatic  hydroxy- 
acids  and  with  ethereal  extracts  even  when  the  ether  had  not  been 
previously  treated  with  permanganate.  Obviously,  then,  the.  free 
nitrous  acid  present  in  the  reagent  modified  the  interfering  sub- 
stances so  that  they  no  longer  prevented  the  combination 
between  the  phenol  and  the  diazonium  salt.  Fortunately,  the 
nitrous  acid  did  not  react  with  the  aromatic  hydroxy-acids  in  such 
a  way  as  to  prevent  their  coupling  with  the  diazonium  salt.  This 
inverse  process  should  always  be  used  in  the  estimation  of  aromatic 
hydroxy-acids. 

The  following  experiment  will  illustrate  the  method  used  in 
the  extraction  and  estimation  of  the  aromatic  hydroxy-acids. 

p-Oxyphenylpropionic  acid  (1.00  cc.  of  the  1  per  cent  stock  solu- 
tion was  mixed  in  a  35  cc.  extraction  bottle^  with  0.2  cc.  of  95  per 

'  Any  35  cc.  narrow  mouthed  bottle  with  a  carefully  fitted  glass  stopper 
will  answer  the  purpose. 
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cent  H2SO4  and  9  cc.  of  water.  20  cc.  of  specially  prepared  ether,* 
measured  by  graduate,  were  introduced  into  the  bottle,  the 
glass  stopper  inserted  and  the  liquids  vigorously  mixed  for  a 
few  minutes.  The  bottle  was  then  transferred  to  a  centrifuge 
tube  and  centrifuged  for  from  1  to  2  minutes.  This  gave  a  sharp 
separation  into  two  layers. 

Separation  of  Ether. — The  ether  layer  was  separated  from  the 
aqueous  layer  by  means  of  a  device  similar  to  that  shown  in  a 
previous  article.^  The  ether,  instead  of  being  drawn  into  a 
Squibb  funnel,  is  drawn  into  a  700  cc.  round  bottomed  flask. 
Capillary  F  is,  at  first,  carefully  immersed  just  below  the  surface 
of  the  ether  layer  because  the  vaporization  of  the  ether  as  it  comes 
in  contact  with  the  large  surface  of  the  warm  flask  usually  pro- 
duces enough  pressure  to  eject  some  ether  back  into  the  extrac- 
tion bottle  which  would  stir  up  the  aqueous  layer  if  capillary  F 
was  too  deeply  immersed.  After  the  first  momentary  back  pres- 
sure, however,  capillary  F  can  be  gradually  lowered  until  all  but 
a  thin  film  of  ether  has  been  drawn  into  the  receiving  flask. 

The  ether  not  only  extracts  the  aromatic  hydroxy-acids  but  it 
also  reduces  the  volume  of  the  aqueous  layer.  It  is  necessary, 
therefore,  to  add  sufficient  water  after  each  extraction  to  reestab- 
lish the  initial  volume  of  10  cc.  It  is  best  to  mark  the  extraction 
bottle  with  a  carborundum  pencil  at  a  level  corresponding  to  a 
volume  of  approximately  10  cc. 

The  above  process  was  repeated  nine  times  so  that  a  total  of 
ten  extractions  was  made. 

The  aqueous  acid  liquid  gave  no  Pauly  reaction.  The  ether 
extracts  were  then  treated  with  25  cc.  of  water  and  5  drops  of 
85  per  cent  phosphoric  acid.  The  mixture  was  agitated  and  sub- 
jected to  a  distillation  at  first  under  atmospheric  pressure  and 
then  in  vacuo  until  the  ether  had  been  removed  entirol3\  An 
ebullition  tube  was  not  used  and  the  distillation  was  tiot  contin- 

•  Commercial  ether  (800  cc.)  is  agitated  with  50  cc.  of  alkaline  perman- 
ganate, such  as  is  used  in  amino  nitrogen  determinati<ms  by  the  Van  Slyke 
process,  and  50  cc.  of  water  in  a  2,000  cc.  separatory  funnel.  After  the 
permanganate  has  been  reduced  to  MnOa,  the  ether  layer  is  poured  ofT 
and  distilled.  The  redistilled  ether  so  obtained  is  then  ready  to  use  for 
extractions. 

^  See  Fig.  1,  Studies  on  proteinogenous  amines.  Ill  (Koessler,  K.  K., 
and  Hanke,  M.  T.,  J.  Biol.  Chcm.,  1919,  xxxix,  526. 
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ued  until  all  of  the  water  had  passed  over.  The  aqueous  liquid 
left  in  the  i\i\sk  was  carefully  transferred  with  water  to  a  100  cc. 
graduated  precision  cylinder  and  diluted  to  100  cc.  Of  this 
liquid,  0.10  cc.  was  mixed  with  0.90  cc.  of  water  and  2  cc.  of  reagent 
in  the  right-hand  cylinder  of  the  Duboscq  colorimeter.  After 
2  minutes,  5  cc.  of  the  1.1  per  cent  sodium  carbonate  solution 
were  added.  The  cylinder  was  transferred  to  the  colorimeter 
set  at  20  mm.  and  the  color  compared  in  the  usual  manner  with 
that  of  the  (CR)  comparison  standard.  A  reading  of  3.1  nun. 
(CR)  was  obtained.  A  0.20  cc.  portion  of  the  liquid  had  a  color 
value  of  6.2  mm.  This  is  equal  to  0.01  gm.  of  p-oxyphenylpro- 
pionic  acid,  100  per  cent  of  the  amount  originally  introduced. 

Entirely  similar  experiments  were  carried  out  on  solutions  of 
p-oxyphenylacetic  and  p-oxyphenyllactic  acids.  100  per  cent 
recoveries  were  obtained  in  every  case. 

The  aromatic  hydroxy-adds  are  quantitatively  extracted  from 
an  acidified  aqueous  solution  with  ether. 

IV.  Tyr amine  Quantitatively  Separated  from  Tyrosine  by  Means 

of  Amyl  Alcohol. 

A.  When   a  Small  Amount  of  Tyrosine  Is  Mixed  with  a  Large 
.  Amount  of  Tyr  amine. 

Tyrosine  (0.20  cc.  of  the  1  per  cent  solution),  tyramine  (5  cc. 
of  the  1  per  cent  solution),  0.20  cc.  of  95  per  cent  H2SO4,  and  5 
cc.  of  water  were  mixed  in  a  35  cc.  extraction  bottle.  Anhydrous 
sodium  carbonate  was  added  carefully  until  the  Uquid  no  longer 
effervesced.  Then  2.00  gm.  of  the  carbonate  were  added  and  the 
liquid  was  agitated  until  the  solid  had  dissolved.  Redistilled  amyl 
alcohol  (20  cc,  measured  by  graduate)  was  introduced  into  the 
bottle,  the  glass  stopper  inserted,  and  the  liquids  were  vigorously 
mixed  for  a  few  minutes.  The  bottle  was  then  transferred  to  a 
centrifuge  tube  and  centrifuged  for  about  2  minutes.  This  gave 
a  sharp  separation  into  two  layers. 

Separation  of  Amyl  Alcohol. — The  amyl  alcohol  layer  was  sepa- 
rated from  the  aqueous  alkaline  layer  by  means  of  the  device 
and  technique  described  in  a  previous  article.^ 

The  extraction  was  repeated  five  times  so  that  a  total  of  120 
cc.  of  amyl  alcohol  was  used.    As  in  the  case  of  the  previously 
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described  ether  extractions,  the  amyl  alcohol  extracts  not  onl}^ 
the  t\Tamine  but  it  also  markedly  reduces  the  volume  of  the 
aqueous  layer.  It  is  necessar}^  therefore,  to  add  sufficient  water 
after  each  extraction  to  reestablish  the  initial  volume  of  10  cc. 

Removal  of  Tyr amine  from  Amyl  Alcohol.— The  combined  amyl 
alcohol  extracts  were  extracted  five  times,  in  the  same  Squibb 
funnel,  with  1.0  N  H2SO4  using  20  cc.  for  the  first  and  10  cc.  for 
each  of  the  remaining  four  extracts.  The  sulfuric  acid  extracts 
were  collected  in  a  100  cc.  glass-stoppered  precision  cylinder  and 
neutralized  to  litmus  paper  with  40  per  cent  sodium  hydroxide. 
The  solution  was  then  rendered  very  faintly  acid  by  adding  a 
few^  drops  of  1.0  n  H2SO4,  transferring  to  a  glass  dish,  and  evap- 
orating on  the  water  bath  to  remove  the  amyl  alcohol.  The 
crystalline  residue  was  dissolved  in  water,  transferred  to  a  100  cc. 
graduated  precision  cylinder,  and  diluted  to  100  cc.  Of  the  solu- 
tion so  obtained  0.10  cc.  had  such  a  high  color  value  that  accurate 
comparisons  were  impossible;  hence  10  cc.  of  it  were  diluted  with 
water  to  50  cc.     Of  this  diluted  solution 

0.10  cc.  had  a  color  value  of    8.0  mm.  (F— MO)  and 
0.20    "    "    "      "  "    "    16.0     "     (F-MO). 

This,  by  table,  is  equal  to  0.05  gm.  of  tyramine  hydrochloride 
for  the  entire  original  test  solution  which  is  100  per  cent  of  the 
amount  originally  introduced. 

The  Alkaline  Aqueous  Liquid  {Tyrosine  Fractioji) . -The  alka- 
line aqueous  liquid  was  transferred  with  water  to  a  glass  dish. 
The  dish  was  covered  with  a  watch-glass.  An  excess  of  37  per 
cent  HCl  was  added  and  the  liquid  concentrated  on  tlie  water 
bath.  The  crystalline  residue  was  dissolved  in  water  with  the 
aid  of  a  few  drops  of  37  per  cent  HCl,  and  diluted  to  exactly  100 
cc.     Of  this  solution 

0.50  cc.  had  a  color  value  equivalent  to    8.0  mm.  (F  — MO)  and 
1.00    "    "    "      "  "  "  "    16.0     "      (F-MO) 

which,  by  table,  is  equivalent  to  0.002  gm.  of  tyrosine,  100  per  cent 
of  the  amount  originally  introduced. 

Tyramine  is  quantitatively  extracted  from  an  alkaline  [sodium 
carbonate)  aqueous  solution  by  amyl  alcohol.  Tyrosine,  when  ])rcscnt 
in  small  amounts,  does  not  pass  into  amyl  (dcohol  from  such  an 
alkaliTie  aqueous  solution. 
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B,  When  a  Large  Amount  of  Tyrosine  Is  Mixed  with  a  SmaXL 
Amount  of  Tyr amine. 

Tyrosine  (5.00  cc.  of  the  stock  1  per  cent  solution),  tyramine 
(0.20  cc.  of  the  stock  1  per  cent  solution),  0.20  cc.  of  95  per  cent 
sulfuric  acid,  and  5  cc.  of  water,  were  mixed  in  a  35  cc.  extraction 
bottle.  Anhydrous  sodium  carbonate  was  added  carefully  until 
the  liquid  no  longer  effervesced.  Then  2.00  gm.  of  the  carbonate 
were  added  and  the  mixture  agitated  until  the  solid  had  dissolved. 
This  liquid  was  then  extracted  six  times  with  amyl  alcohol  as 
described  in  Section  IV,  Part  A. 

Alkaline  Aqueous  Ldguid  {Tyrosine  Fraction  M). — This  was  treated 
as  described  in  Section  IV,  Part  A.  The  solution  was  finally 
diluted  to  500  cc.  of  which 

0.10  cc.  had  a  color  value  equivalent  to    7.5  mm.  (F— MO)  and 
0.20    "    "    "      "  "  "  "    15.0    "      (F-MO) 

which,  by  table,  is  equivalent  to  0.0469  gm.  of  tyrosine.  Since 
0.0500  gm.  of  tyrosine  had  been  originally  introduced,  0.0031 
gm.  of  tyrosine  must  have  passed  into  the  amyl  alcohol. 

First  Amyl  Alcohol  Extract. — The  combined  amyl  alcohol 
extracts  were  extracted  with  n  H2SO4  as  described  in  Section  IV, 
Part  A.  It  was  necessary  in  this  case,  as  it  will  be  in  most  cases, 
to  remove  the  sulfuric  acid  with  barium  hydroxide  to  avoid  the 
accumulation  of  a  large  amount  of  salts  which  would  interfere 
with  the  subsequent  treatment.  The  combined  acid  extracts 
were  transferred  to  a  250  cc.  Pyrex  flask  and  heated  on  the  water 
bath.  Barium  hydroxide  (9.0  gm.)  was  dissolved  in  50  cc.  of 
hot  water.  The  resulting  solution  was  added  slowly  to  the  acid 
liquid.  The  faintly  acid  mixture  so  obtained  was  digested  on  the 
water  bath  for  2  hours  and  filtered  through  a  hard  folded  filter. 
The  paper  and  contents  were  thoroughly  washed  with  hot  water. 
The  filtrate  and  washings  were  collected  in  a  glass  dish,  exactly 
neutralized  with  sodium  hydroxide,  and  evaporated  on  the  water 
bath.  The  solid  residue  so  obtained  was  transferred  with  the 
aid  of  a  few  drops  of  5  n  H2SO4  and  10  cc.  of  water  to  a  35  cc. 
extraction  bottle.  The  liquid  was  treated  with  2.00  gm.  of  anhy- 
drous sodium  carbonate.  This  alkaline  solution  was  then  extracted 
with  amyl  alcohol  in  the  usual  manner  which  again  divides  the 
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material  into  two  fractions;  the  alkaline  aqueous  liquid  II,  which 
should  contain  the  tyrosine  that  passed  into  amyl  alcohol  at  the 
time  of  the  first  extraction,  and  the  purified  tyraraine  fraction 
which  should  be  free  from  tyrosine. 

Alkaline  Aqueous  Liquid  II  (Tyrosine  Fraction  II). — This  was 
acidified,  evaporated,  and  finally  diluted  to  100  cc.  as  in  the 
case  of  the  main  tyrosine  fraction.     Of  this  solution, 

0.50  cc.  had  a  color  value  equivalent  to  11.2  mm.  (F  — MO)  and 
1.00    "    "    "      "  "  "  "    22.4     "      (F-MO) 

which,  by  table,  is  equivalent  to  0.0028  gm.  of  tyrosine.  Since 
0.0469  gm.  of  tyrosine  was  recovered  in  the  first,  main  tyrosine 
fraction,  a  total  of  0.0497  gm.  of  tyrosine  was  accounted  for. 
This  is  99.4  per  cent  of  the  amount  originally  introduced. 

Purified  Tyramine  Fraction. — This  was  extracted  with  n 
H2SO4  as  previously  described.  The  acid  was  nearly  neutralized 
with  40  per  cent  sodium  hydroxide.  The  resulting  faintly  acid 
solution  was  transferred  to  a  glass  dish  and  evaporated  on  the 
water  bath.  The  residue  was  transferred,  with  water,  to  a  pre- 
cision cyhnder  and  diluted  to  100  cc.     Of  this  solution, 

0.50  cc.  had  a  color  value  equivalent  to    7.9  mm.  (F— MO)  and 
1.00    "    "    "      "  "  "  "    15.8     "     (F-MO). 

This,  by  table,  is  equal  to  0.001975  gm.  of  tyramine  hydrochloride, 
98.75  per  cent  of  the  amount  originally  introduced. 

When  the  concentration  of  tyrosine  is  high,  a  sinall  amount  of  it 
passes  into  amyl  alcohol  from  an  alkaline  {sodium  carbonate)  solution. 
To  free  the  tyramine  fraction  from  this  small  admixture  of  tyro- 
sine it  is  necessary  to  conduct  a  second  amyl  alcohol  extraction  on  the 
first  tyramine  fraction.  This  slightly  longer  process  with  its 
double  amyl  alcohol  extraction  is  to  be  recommended  because  it 
makes  the  determination  of  tyramine  certain  and  rehable.  In 
most  cases  it  is  probably  advisable  to  remove  the  excess  of  sul- 
furic acid  from  the  final  tyramine  fraction  with  baryta  because 
such  solutions  would  then  be  practically  free  from  salts  and 
ready  for  physiological  experiments. 
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F.  Separation  of  Phenols  into  Four  Fractions:  Volatile  Phenols 

Aromatic    Hydroxy- Acids,    Tyr amine,   and    Tyrosine.      The 

Accurate  Determination  of  One  Member  of  Each  Fraction. 

The  method  outlined  below  is  primarily  intended  to  be  used  in 
bacterial  metabolism  studies  on  tyrosine.  We  have  carried  out 
a  sufficient  number  of  such  metabolism  experiments  to  be  cer- 
tain that  the  method  gives  accurate  results.  We  hope  to  report 
these  experiments  in  the  near  future.  Some  of  the  steps  in  the 
following  experiment  were  taken,  not  because  they  were  necessary 
in  this  case,  but  because  they  were  necessary  in  the  metabolism 
experiments. 

A  solution  containing  the  following  was  prepared  from  the 
stock  solutions;  10  cc.  of  1  per  cent  tyrosine,  4  cc.  of  1  per  cent 
tyramine  hydrochloride,  4  cc.  of  1  per  cent  p-oxyphenyllactic 
acid,  2  cc.  of  1  per  cent  phenol,  80  cc.  of  water,  and  100  cc.  of 
Nutritive  Medium  3.^ 

Filtration. — The  clear  liquid  was  forced  through  a  Mandler 
filter.*  The  flask  and  filter  were  washed  free  from  phenols  with 
200  cc.  of  water.  The  filtrate  was  then  treated  with  0.50  cc.  of 
95  per  cent  H2SO4. 

Estimation  of  Volatile  Phenols  {Phenol). — The  filtrate  and  wash- 
ings were  transferred,  with  water,  to  a  1,000  cc.  long  necked,  round 
bottomed,  Pyrex  flask.  The  flask  was  heated  with  a  gas  burner 
through  a  small  hole  in  an  asbestos  gauze.  The  hot  vapors  were 
condensed  in  a  spiral  condenser,  the  distillate  being  collected  in 

'  Nutritive  Medium  3  contains: 

NH4CI 4.00  gm. 

KNO, 2.00   « 

KH,P04 8.00   " 

NaCl 16.00   " 

NajSO* 0.04   " 

NaHCO, 8.00   " 

CaCl, 0.20   « 

Glycerol 80.00  cc. 

in  a  total  aqueous  volume  of  2,000  cc.    Koessler,  K.  K.,  and  Hanke,  M.  T. 
J.  Biol.  Chem.,  1919,  xxxix,  579. 

•  In  bacterial  metabolism  studies,  the  hydrogen  ion  concentration  is 
determined,  colorimetrically,  on  1  cc.  of  this  filtrate  before  it  is  diluted 
with  wash  water. 
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a  250  cc.  graduated  c^dinder.  Exactly  200  cc.  of  distillate  were 
collected  of  which 

0.10  cc.  had  a  color  value  equivalent  to    9.6  mm,  (Ph— R)  and 
0.20    "    "    "      "  "  "  "    19.2     "      (Ph-R). 

This,  b}^  table,  is  equivalent  to  0.01666  gm.  of  phenol  for  the 
entire  200  cc.  of  test  liquid. 

The  distillation  was  continued  until  about  125  cc.  of  distillate 
had  been  collected.  This  was  diluted  to  exactly  200  cc.  Of  this 
solution 

0.20  cc.  had  a  color  value  equivalent  to    4.0  mm.  (Ph— R)  and 
0.40   "      "    "      "         "  "  "     8.0     "      (Ph-R) 

which,  by  table,  is  equivalent  to  0.0034  gm.  of  phenol  for  the  en- 
tire test  solution.  In  all,  0.02006  gm.  of  phenol  was  obtained 
which  is  100.3  per  cent  of  the  amount  originally  introduced.  The 
colors  obtained  were,  in  every  case,  exactly  like  that  produced  b}^ 
pure  phenol;  hence  none  of  the  other  phenols  volatilized. 

Estimation  oj  Aromatic  Hydroxy -A  cids  {p-Oxyphenyllactic  A  cid) . — 
The  liquid  left  in  the  flask  was  carefully  transferred,  with  water, 
to  a  glass  dish  and  concentrated  on  the  water  bath.  The  pale 
yellow  syrup  was  transferred,  with  water,  to  a  25  cc.  precision 
cylinder  and  diluted  to  exactly  25  cc.  We  will  refer  to  this  as 
the  test  liquid. 

Of  this  acid  test  liquid,  exactly  10  cc.  (measured  by  pipette) 
were  transferred  to  a  35  cc.  extraction  bottle  and  extracted  ten 
times  with  specially  prepared  ether  as  described  in  Section  III 
of  this  paper. 

The  ether  extracts  were  then  treated  as  described  in  Section 
III.  The  solution  finally  obtained  (volume  100  cc.)  was  examined 
colorimetrically  for  />-oxyphenyllactic  acid. 

0.10  cc.  had  a  color  value  equivalent  to    4.0  mm.  (CR) 
0.20    "     "    "      "  "  "  "      SO     "      (CR) 

0.30    "    "    "      "  "  "  "    12.0     "      (CR). 

The  colors  were  exactly  like  that  obtained  with  a  pure  solution 
of  p-oxyphenyllactic  acid.  This,  by  table,  is  equivalent  to 
0.0400  gm.  of />-oxyplienyllacti('  acid  for  the.  entire  25  cc.  of  test 
liquid,  which  is  100  per  cent  of  the  amount  originally  introduced. 


286     Studies  on  Proteinogenous  Amines.    XV 

Separation  of  Tyramine  from  Tyrosine, — The  acid  liquid  left 
in  the  extraction  bottle,  equivalent  to  10  cc.  of  the  test  liquid, 
was  carefully  treated  with  anhydrous  sodium  carbonate  until 
the  liquid  no  longer  effervesced.  Then  2  gm.  of  the  carbonate 
were  added.  The  mixture  was  warmed  and  agitated  until  the 
solid  had  passed  into  solution.  This  solution  was  then  extracted 
six  times  with  amyl  alcohol  as  described  in  Section  IV  of  this 
paper. 

The  Alkaline  Aqueous  Liquid  {Tyrosine  Fraction  M). — The 
alkaline  liquid  left  in  the  extraction  bottle  was  transferred  to  a 
glass  dish  with  100  cc.  of  water.  The  liquid  was  concentrated 
on  the  water  bath  to  a  volume  of  about  50  cc,  which  removed 
the  ammonia  completely.  The  liquid  was  then  treated  with 
3.5  cc.  of  37  per  cent  HCl,  precautions  being  taken  to  prevent 
loss  of  the  solution  through  spattering.  The  strongly  acid  liquid 
was  concentrated  on  the  water  bath.  The  crystalline  residue 
was  dissolved  in  water,  with  the  aid  of  a  few  drops  of  37  per  cent 
HCl,  transferred  to  a  graduated  precision  cylinder,  and  diluted 
to  25  cc.     This  is  the  main  tyrosine  fraction  M. 

Of  this  solution  5  cc.  (measured  by  pipette)  were  diluted  to 
80  cc.     Of  this  diluted  solution 

0.10  cc.  had  a  color  value  equivalent  to    7.3  mm.  (F— MO)  and 
0.20    "    "    "      "  "  "  "    14.6    "     (F-MO) 

which,  by  table,  is  equivalent  to  0.0912  gm.  of  tyrosine  for  the 
entire  original  test  liquid,  91.2  per  cent  of  the  amount  originally 
introduced.  As  one  would  expect  from  Experiment  B,  Section 
IV,  some  tjTOsine  passed  into  the  amyl  alcohol  from  which  it  will 
be  recovered  when  the  second  extraction  is  carried  out  (see  below). 
Amino  Nitrogen  Determination  on  Tyrosine  Fraction  M. — 
The  above  tyrosine  fraction  M  (5  cc.)  was  subjected  to  an  amino 
nitrogen  determination  by  the  Van  Slyke  method.  1.07  cc.  of 
N2  were  obtained  at  25°  and  747  mm.  which  is  equal  to  0.00729 
gm.  of  nitrogen  for  the  entire  test  liquid.  Tyrosine  always  gives 
off  about  2  per  cent  more  gas  by  the  Van  Slyke  process  than  it 
should  theoretically.  We  have  foimd  this  tp  be  invariably  true 
and  Van  Slyke^°  gives  figures  that  are  in  perfect  agreement  with 

»»  Van  Slyke,  D.  D.,  J.  Biol.  Chetn.,  1911,  ix,  193. 
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this  statement.  This  nitrogen  figure  must,  therefore,  be  reduced 
by  2  per  cent  before  the  tyrosine  value  is  calculated.  The  cor- 
rected nitrogen  figure  is  0.00715  gm,;  which  is  equivalent  to 
0.00925  gm.  of  tyrosine,  92.5  per  cent  of  the  amount  originally 
introduced.  The  check  between  the  tyrosine  values  obtained 
by  these  two  methods  is  good. 

We  wish  again  to  call  attention  to  the  fact  that  this  fraction 
does  not  contain  all  of  the  tyrosine.  A  second  fraction  is  obtained 
later  when  the  first  tyramine  fraction  is  reextracted  with  amyl 
alcohol.  The  second  tyrosine  fraction  so  obtained  .usually  con- 
tains about  0.003  gm.  of  tyrosine  which  is  too  Httle  to  estimate 
by  the  amino  nitrogen  method  but  which  is  easily  determined 
colorimetrlcally. 

First  Aviyl  Alcohol  Extract  {Tyramine  Fraction  I). — This  frac- 
tion contains  all  the  tyramine  together  with  a  small  amount  of 
tjTosine.  A  quantitative  separation  can  be  effected  by  carrjang 
out  a  second  extraction  with  amyl  alcohol  in  alkaline  solution. 

The  amyl  alcohol  was,  therefore,  extracted  with  n  H2SO4,  the 
acid  removed  with  baryta,  the  resulting  liquid  made  alkaline  with 
sodium  carbonate  and  reextracted  with  amyl  alcohol  as  described 
in  Section  IV,  Part  B. 

Second  Alkaline  Aqueous  Liquid  (Tyrosine  Fraction  II). — This 
was  acidified,  evaporated,  and  finally  diluted  to  100  cc.  as  de- 
scribed in  Section  IV,  Part  B.  In  this  case  the  ammonia  was  not 
removed  by  evaporation  because  an  amino  nitrogen  determina- 
tion is  not  to  be  carried  out.     Of  the  solution  so  obtained 

0.20  cc.  had  a  color  value  equivalent  to  4.8  mm.  (F  — MO)  and 
0.40    "    "    "      "  "  "  "    9.0     "      (P^-MO) 

which,  by  tal)l(\  is  ecjual  to  0.0075  gm.  of  tyrosine  for  the  entire 
original  test  liquid.  Since  ().()i)12  gm.  of  tyrosine  was  nn'ovenMl  in 
the  main  tyrosine  fraction  M,  a  total  of  0.0987  gm.  of  tyrosine 
was  accounted  for,  which  is  98.7  per  cent  of  the  amount  originally 
introduced. 

Purified  Tyramine  Fraction  {Second  Amyl  Alcohol  F.rtract). — - 
This  was  extracted  sx  times  witli  n  Il2S()4  as  j)reviously  descrilxMl. 
The  acid  was  nearly  neutralized  with  baryta,  the  barium  sulfat(^ 
removed  })y  filtralion.  the  filtrate  concentratcMl  on  the  water  bath 
in  a  ghuss  dish,  and  the  residue  (lissol\-(Ml  in  w.-iter  and  dilutetl  to 
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exactly  100  cc.  as  described  in  Section  IV,  Part  B."    Of  this 
solution 

0.10  cc.  had  a  color  value  equivalent  to  12.8  mm.  (F— MO) 

which,  by  table,  is  equal  to  0.0400  gm.  of  tyramine  hydrochloride, 
100  per  cent  of  the  amount  originally  introduced. 

SUMMARY. 

This  paper  contains  the  description  of  a  method  by  means  of 
which  volatile  phenols,  aromatic  hydroxy-acids,  tyramine,  and 
tyrosine  can  be  quantitatively  separated  and  estimated.  The 
phenols  are  determined  by  a  colorimetric  process  described  in 
the  preceding  paper.  Volatile  phenols — phenol,  o-,  m-,  and  p- 
cresol — are  distilled  off  and  estimated  in  the  distillate.  Aro- 
matic hydroxy-acids — p-oxyphenylacetic,  p-oxyphenylpropionic, 
and  p-oxyphenyllactic  acids — are  extracted  with  ether  from  the 
acidified  aqueous  liquid  which  has  been  freed  from  volatile 
phenols  by  distillation.  The  aromatic  hydroxy-acids  are  estimated 
in  the  ether  extracts.  The  remaining  liquid,  which  contains  all 
of  the  tyramine  and  tyrosine,  is  made  alkaline  with  sodium  car- 
bonate and  freed  from  tyramine  by  extraction  with  amyl  alcohol. 
Tyramine  is  then  determined  in  the  amyl  alcohol  extract;  ty- 
rosine is  determined  in  the  alkaline  aqueous  liquid.  The  sepa- 
rations are  quantitative  and  the  colorimetric  determinations  are 
accurate  to  0.5  to  1.5  per  cent. 

"  It  is  necessary  to  remove  the  excess  of  H2SO4  with  baryta  only  if  physi- 
ological or  isolation  experiments  are  to  be  carried  out  on  this  fraction. 
In  other  cases  it  is  simpler  to  neutralize  with  40  per  cent  NaOH  as  described 
in  Section  IV  of  this  report. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  October  1, 1921,  Vol.  xxxiv, 

No.  4,  pp.  375-396.] 
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Inflammatory  processes  usually,  if  not  always,  are  the  result  of 
reaction  to  chemical  substances.  Some  substances  cause  severe 
reactions  when  in  very  low  concentrations,  while  others,  even  in 
high  concentrations,  cause  little  or  no  inflammation.  As  far  as 
we  can  learn,  no  systematic  study  has  ever  been  made  to  determine 
what  chemical,  physical,  or  physiochemical  properties  a  substance 
must  have  in  order  that  it  may  incite  inflammation,  or  that  it  may 
be  unable  to  incite  inflammation.  Can  definite  laws  be  discerned 
governing  the  capacity  of  chemical  substances  to  stimulate  inflamma- 
tory reactions?  Is  it  possible  to  predict  from  the  chemical  or  phys- 
ical properties  of  a  substance  its  capacity  for  inflammatory  stimu- 
lation? Such  information,  if  it  can  be  obtained,  should  be  of  great 
value  in  chemotherapeutic  work,  since  it  might  be  applied  to  reducing 
the  inflammatory  reaction  produced  by  drugs  that  must  be  injected 
into  the  tissues,  and  hence  this  study  was  undertaken  at  the  suggestion 
of  Dr.  H.  Gideon  Wells  as  part  of  the  program  of  chemotherapeutic 
investigation  that  is  being  conducted  in  the  Otho  S.  A.  Sprague 
Memorial  Institute. 

In  studying  this  problem  it  is  necessary  to  consider  the  several 
components  of  inflammatory  reaction;  namely,  vascular  changes, 
migration  of  cells  and  fluids,  cell  injury,  and  cell  proliferation.  In 
this  paper  will  be  considered  only  one  phase  of  the  work,  the  influence 
of  chemicals  upon  the  chemotaxis  of  leucocytes  in  vitro,  a  subject 
which  has  already  received  not  a  little  investigation. 
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Most  of  the  literature  on  this  subject  has  been  fully  reviewed  by  Wells,^  who 
has  discussed  the  subject  from  the  earliest  studies  of  Engelmann  who  worked 
with  protozoa  in  1881 ,  up  to  the  time  of  Jacques  Loeb,  who  worked  with  chemical 
tropisms.  This  may  be  briefly  summarized  in  the  following  lists  of  the  sub- 
stances supposedly  positive,  negative,  and  neutral  as  chemotactic  agents  for 
leucocytes. 

Various  authors  have  stated  that  the  strongly  positively  chemotactic  sub- 
stances are:  sterilized  and  living  cultures  of  bacteria,  whether  pathogenic  or  non- 
pathogenic; papayotin  or  papain  (in  rabbits)  (Gabritchevsky^) ;  carbolglycerol 
extracts  of  different  viscera  and  tissues;  egg  albumin,  gelatin,  peptone,  and  alkali 
albuminate;  metallic  copper,  iron,  mercury,  and  their  salts ;^  dnd  substances  sol- 
uble in  lipoids  in  extreme  dilution  (Hamburger^). 

Among  the  supposedly  negatively  chemotactic  substances  the  following  have 
been  mentioned  by  various  authors:  concentrated  solutions  of  sodium  and  potas- 
sium salts;  lactic  acid  in  all  concentrations;  quinine  (0.5  per  cent);  alcohol  (10 
per  cent);  chloroform,  in  watery  solution;  jequirity  (2  per  cent,  passed  through  a 
Chamberland  filter);  glycerol  (10  to  1  per  cent);  bile;  B.  cholercB  gallinarum 
(Gabritchevsky) ;  mercury  perchloride,  cholesterol,  arsenic,  antipyrine,  acetic 
acid;  concentrated  solutions  of  calcium,  sodium,  and  potassium  salts;  alcohol  in 
over  10  per  cent  concentration,  chloroform,  bile,  glycerol  in  concentrations  of  1 
to  10  per  cent;  and  atophan,  or  phen)dcinchonic  acid. 

Among  the  neutral  or  indifferent  agents  have  been  mentioned  water;  calcium 
and  sodium  salts  in  concentrations  of  0.1  to  1  per  cent;  phenol;  phlorhizin;  papay- 
otin (in  frogs);  glycogen;  peptone;  blood;  hemoglobin;  uric  acid  up  to  2  per  cent; 
and  bouillon. 

These  are  only  tentative  statements,  for  many  contradictory  results  have 
been  obtained,  and  it  is  almost  impossible  to  avoid  some  experimental  errors. 

The  most  important  of  the  later  work  has  been  done  by  Hamburger,  and  his 
coworkers,  on  phagocytosis.  This  bears  a  close  relation  to  chemotaxis  and  must 
be  considered  at  the  same  time  as  chemotaxis.  Hamburger^  has  shown  that 
"calcium  per  5e,"  as  a  substance  causes  a  great  rise  in  phagocytosis;  it  seems 
to  be  the  only  substance  acting  in  this  way,  apparently  aiding  chemotaxis. 
He  has  investigated  this  problem  from  two  view-points,  in  vivo  and  in  vitro 
work  both  being  done.  In  the  in  vitro  work,  horse  leucocytes  from  citrated 
serum  were  transferred  to  different  media  and  carbon  particles  added.    The 

*  Wells,  H.  G.,  Chemical  pathology,  Philadelphia,  4th  edition,  1920,  Chapter 
XI. 

2  Gabritchevsky,  G.,  Ann.  Inst.  Pasteur,  1890,  iv,  346. 

'  Bloch,  G.,  Centr.  allg.  Path.  u.  path.  Anat.,  1896,  vii,  785. 

^  Hamburger,  H.  J.,  Physikalisch-chemische  Untersuchungen  iiber  Phagozyten. 
Ihre  Bedeutung  von  allgemein  biologischem  und  pathologischem  Gesichtspunkt, 
Wiesbaden,  1912. 
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percentage  of  these  particles  taken  up  by  the  leucocytes  was  used  as  a  measure 
of  the  degree  of  phagocytosis.  The  in  vivo  work  was  done  by  injecting  calcium- 
free  and  calcium-containing  cultures  of  bacteria  {B.  coli)  under  the  skin  in 
capmary  tubes,  and  then  comparing  the  size  of  the  resulting  leucocyte  columns 
in  the  calcium-free  and  calcium-containing  cultures.  Besides  the  work  on  cal- 
cium, Hamburger  has  tested  many  organic  and  inorganic  compounds.  He 
found  that,  under  the  conditions  of  his  experiments,  hemoglobin  had  no  bad 
efifects  on  phagocytic  activity  no  matter  what  concentrations  were  employed. 
Collargol  and  other  colloidal  silver  compounds  had  no  effect  up  to  0.02  per 
cent,  but  above  that  concentration  these  compounds  were  injurious  and  the  in- 
jury increased  in  proportion  to  the  concentration.  Quinine  was  injurious  to 
leucocytes,  seeming  to  act  upon  the  cells  themselves.  Of  the  halogens,  iodine 
is  more  poisonous  than  bromine;  fluorine  is  a  strong  poison;  iodoform  increases 
phagocytosis;  mercury,  strontium,  and  barium  are  indifferent.  All  fat  solvents 
in  small  amounts  increase  phagocytosis;  those  used  were  chloroform,  ether,  chloral, 
benzene,  camphor,  some  fatty  acids,  and  turpentine.  Citrate  and  sulfite  ions 
act  as  a  poison,  preventing  any  phagocytosis.  Oxygen  acts  Hke  apnea,  preventing 
phagocytosis;  carbon  dioxide  increases  phagocytosis.  Potassium  cyanide  has 
about  the  same  action  as  carbon  dioxide,  an  increase  followed  by  a  decided  de- 
crease in  phagocytic  activities,  and  then  death  of  the  cells. 

Method. 

In  my  work,  Wright's  method  has  been  employed.^  Equal  vol- 
umes of  blood  must  be  disposed  over  equal  areas  of  surface,  and 
come  into  contact  with  equal  concentrations  of  the  desired  reagent 
throughout.  This  may  be  done  in  the  following  ways:  The  first 
method  is  to  paint  hot  paraffin  containing  the  desired  reagent  upon 
glass  slides  until  1  mm.  thick,  then  punch  circles  in  the  plastic 
paraffin  with  a  sharp  cork-borer,  and  prize  out  the  discs  and  clean 
the  glass  floor  with  xylol.  The  second  and  preferable  method  is 
to  use  agar  in  the  place  of  paraffin.  Here  different  concentrations 
of  the  drugs  desired  are  mixed  with  2  per  cent  salt-free  water  solution 
of  agar,  then  cast  into  tablets  1  mm.  thick,  in  molds  constructed  of 
a  pair  of  glass  slides  held  apart  at  the  ends  by  pieces  of  slides  1  mm. 
thick.  The  slide  which  forms  the  lid  of  the  mold  is  pushed  aside, 
while  the  agar  is  poured  in,  then  brought  into  position.  When  this 
melted  agar  has  set  the  lateral  supports  and  the  lid  are  removed  and 
circles  are  cut  in  the  agar  with  a  sharp  cork-borer,  the  discs  removed, 

» Wright,  A.  E.,  Lancet,  1918,  i,  129. 
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and  the  cells  thus  obtained  placed  upon  slabs  of  2  per  cent  salt-free 
water  solution  of  agar,  or  upon  slabs  containing  the  same  concentra- 
tion of  the  reagent  as  contained  in  the  cell.  In  this  way,  a  window  is 
formed,  with  the  floor  and  sides  of  agar  containing  the  desired  concen- 
tration of  the  reagent.  Two  different  forms  are  used.  In  one,  the 
floor  consists  of  2  per  cent  salt-free  water  solution  of  agar,  the  sides 
of  the  2  per  cent  solution  of  agar  containing  the  desired  reagent.  In 
the  other,  the  floor  and  sides  of  the  cell  contain  the  same  concentra- 
s  of  the  substances  to  be  tested.  These  different  cells  are  then 
placed  upon  a  glass  slide  so  that  each  slide  contains  from  eight  to 
twelve  cells,  each  one  of  which  has  a  different  concentration  of  the 
reagent.  On  each  slide  there  is  a  control  cell,  the  floor  and  sides 
being  made  of  the  2  per  cent  salt-free  water  solution  of  agar. 

The  slides  containing  the  agar  slabs  were  kept  in  moist  chambers 
made  of  Petri  dishes  whose  bottom  and  sides  were  lined  with  moist 
cotton,  so  that  no  water  would  be  lost  by  evaporation  from  the  agar, 
thus  changing  the  concentrations.  The  Petri  dishes  were  kept  in 
warm  water,  the  slides  thus  being  heated  to  37°C.  and  kept  at  this 
heat  so  that  the  temperature  would  be  the  same  in  each  window 
when  the  blood  was  run  in  and  all  the  time  after  pouring.  Equal 
amounts  of  blood  were  then  run  into  the  cells  thus  made.  A  capillary 
pipette  was  tilled  with  blood  as  soon  as  the  vein  was  cut,  and  2  drops 
of  this  uncoagulated  blood  were  allowed  to  drop  into  each  window 
immediately  so  that  there  would  be  no  chance  of  clotting.  All  the 
windows  were  filled  at  one  time  so  that  there  would  be  no  differences 
in  the  blood  itself  to  be  taken  into  consideration.  The  dishes  con- 
taining the  blood-filled  windows  on  the  slabs  of  agar  were  put  in  the 
incubator  and  kept  at  37°C.  for  45  minutes.  After  incubation,  the 
clots  of  blood  were  washed  off  with  warm  sodium  chloride  solution, 
0.9  per  cent  sodium  chloride  in  distilled  water,  kept  at  37°.  If  the 
clots  were  extremely  adherent  to  the  sides,  the  edges  were  loosened 
by  touching  them  gently  with  a  probe,  or  lifted  out  with  fine  forceps. 
A  solution  of  saturated  mercuric  chloride  could  then  be  poured  into 
the  windows  to  fix  the  leucocytes  if  desired.  The  number  of  leu- 
cocytes adhering  to  the  sides  and  the  floor  were  then  counted  under 
the  low  power  (No.  3)  of  the  microscope. 
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In  this  work  repeated  duplicate  tests  were  made  with  the  blood 
of  the  same  animal.  The  number  of  cells  migrating  into  the  agar 
was  always  the  same  within  the  limits  of  experimental  error,  the 
difference  never  being  more  than  25  to  50  cells  out  of  a  total  of  2,000 
to  2,500.  The  same  percentage  of  the  total  number  of  cells  always 
adhered  to  the  control  slide;  i.e.,  about 4 per  cent.  The  exact  number 
varied  with  the  degree  of  leucocytosis  but  the  relative  number  was 
always  approximately  the  same. 

From  0.0001  to  10  per  cent  molecular  concentrations  of  the  dif- 
ferent salts  were  employed,  so  that  the  range  of  chemotaxis  might 
be  studied  in  relation  to  the  per  cent  of  the  salt  itself,  as  well  as  the 
positive  and  negative  ions  composing  the  salt,  as,  for  example,  NaCl 
as  a  salt  and  Na  as  an  ion  as  compared  with  Na  in  NaoCOs,  or  Na2S40, 
and  CI  as  an  ion  as  compared  with  CI  in  KCl  or  CaCl2,  etc.  In  some 
cases  a  high  concentration  showed  a  marked  negative  chemotaxis, 
while  a  low  concentration  showed  a  positive  one.  Whenever  possible, 
neutral  or  nearly  neutral  substances  were  used,  so  that  the  reaction 
would  not  interfere  with  the  chemotaxis.  If,  however,  the  chemical 
had  an  acid  or  alkaline  reaction  strong  enough  to  give  irregular  and 
peculiar  results,  sodium  phosphate  as  the  tri-,  di-,  or  monobasic 
salt  was  added  in  just  sufficient  concentrations  to  give  a  neutral 
reaction  with  phenolsulfonephthalein  (pH  =  7.7),  and  the  results 
were  then  compared  with  that  of  the  original  chemical  alone. 

For  each  substance  used,  at  least  four  different  tests  were  made 
with  human  blood,  five  with  rabbit  blood,  and  two  or  three,  when 
possible,  with  guinea  p'g  and  dog  blood,  so  that  the  mean  of  the 
several  bloods  of  each  species  might  be  used  as  the  final  count,  pro- 
viding there  was  little  individual  variation.  Since  the  degree  of 
leucopenia  or  leucocytosis  made  a  great  difference  in  the  exact  number 
of  leucocytes  adhering,  though  not  the  relative  number,  as  a  routine 
matter  white  cell  counts  were  made  on  the  blood  of  all  animals  every 
week,  since  it  was  found  that  in  health  there  is  little  variation  in 
that  length  of  time.  It  was  found  that  human  blood  varied  markedly 
before  and  after  eating,  so  certain  times  after  eating  were  chosen  for 
drawing  blood  when  possible,  usually  2 J  to  ^  hours  after  a  meal. 

An  interesting  observation  is  that  immediately  after  eating, 
within  30  minutes,  the  leucocytes  stick  much  more  readily  to  the 
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agar  than  at  other  times.  This  holds  good  for  all  the  species  tried. 
This  has  been  noted  for  leucocytes  on  glass  slides  by  several  investi- 
gators. Cohnheim,  among  others,  mentions  the  difference  in  behavioi 
of  leucocytes  at  different  times  of  the  day,  but  the  reasons  for  this 
have  never  been  sho^vn. 

The  experimental  animals  were  kept  from  food  for  about  3  hours  be- 
fore use.  When  possible  the  same  animals  were  used  with  the  differ- 
ent drugs.  It  was  found  that  with  a  2  per  cent  solution  of  salt-free  agar 
about  4  per  cent  of  the  leucocytes  would  always  adhere  to  the  agar. 
This  was  constant  with  the  blood  of  all  the  animals  employed. 

The  following  chemicals  were  used: 

1.  Calcium  salts,  as  the  chloride,  carbonate,  tartrate,  citrate,  lactate,  sulfate, 
cyanide,  and  cinnamate. 

2.  Sodium  salts,  as  the  chloride,  carbonate,  tartrate,  citrate,  lactate,  sul- 
fate, cinnamate,  and  tri-,  di-,  and  monobasic  phosphates. 

3.  Potassium  chloride,  acid  carbonate,  and  acid  phosphate. 

4.  Barium  sulfate  and  sulfide. 

5.  Strontium  chloride. 

6.  Magnesium  sulfate,  tartrate,  citrate,  and  these  compounds  mixed  with 
strontium  salts. 

7.  Mercury  chloride,  nitrate,  subsalicylate,  and  iodate. 

8.  Organic  acids,  as  oleic,  lactic,  uric,  and  nucleiriic. 

9.  Amino-acids  and  amines,  as  tyrosine,  histidine,  glycine,  alanine,  glutamic 
acid,  aminova'Ierianic  acid,  tyramine,  and  histamine. 

10.  Alkaloids,  as  morphine  and  morphine  sulfate,  hydrochloride,  nitrate,  and 
citrate;  codeine  and  codeine  hydrochloride;  heroine  and  heroine  hydrochloride; 
caffeine  sulfate,  quinme  sulfate,  strychnine  sulfate,  and  brucine  sulfate. 

11.  Miscellaneous  substances,  as  papayotin,  or  papain,  urea,  urethane,  creati- 
nine, ethyl  alcohol,  chloral  hydrate,  cantharidinum,  aspirin  (acetyl-salicylic  acid), 
chloretone,  glucose,  "mustard  gas"  (dichloroethyl  sulfide)  "parazol"  (dinitro- 
dichlorobenzene),  olive  oil,  scarlet  R  (purified),  turpentine,  veronal  (diethyhnal- 
onylurea),  yeast  vitamme  (Harris),  acetanilide,  and  ether. 

EXPERIMENTAL. 

Calcium  Salts. 

All  calcium  salts  were  positively  chemotactic  for  leucocytes  except 
calcium  citrate.     This  was  neutral  in  a  1  per  cent  molecular  concen- 


ELIZABETH   PAULINE   WOLF  381 

tration,  but  all  other  concentrations  were  negatively  chemotactic, 
the  citrate  ion  overpowering  the  calcium  ion. 

Calcium  chloride  showed  a  marked  increase  in  the  number  of  cells 
adhering  to  the  agar  with  which  it  was  combined,  as  compared  with 
the  control.  When  there  was  more  than  2  per  cent  molecular 
concentration,  there  was  a  precipitate  through  which  the  light  could 
not  penetrate,  so  that  the  cells  could  not  be  counted  when  the  floor 
was  composed  of  agar  containing  the  same  concentration  of  the  salt 
as  the  margins. 

An  illustrative  series  of  experiments  with  calcium  chloride  is  given 
in  detail  below.  The  figures  in  the  top  row  are  the  percentage  of 
calcium  chloride  contained  in  the  water  agar  solution  of  each  cell, 
and  this  represents  the  molar  or  gram-molecular  concentration  of 
calcium  in  calcium  chloride.  Thus  in  the  case  of  a  5  per  cent  solution 
2.75  gm.  of  calcium  chloride  would  be  used  with  20  cc.  of  a  2  per  cent 
solution  of  water  agar,  so  that  there  would  be  1  gm.  of  calcium  present 
in  20  cc.  of  the  agar  solution.  An  exact  count  was  made  of  the  number 
of  cells  migrating  into  the  agar  and  adhering,  after  the  clot  had  been 
removed  and  the  window  and  floor  of  the  cell  washed  with  normal 
salt  solution,  and  this  is  recorded  in  each  of  the  remaining  rows.  Each 
row  gives  results  obtained  with  a  separate  sample  of  blood.  The 
lowest  row  of  figures  in  each  group  is  the  mean  of  the  other  figures 
in  that  column. 

In  the  second  group  of  figures,  from  observations  with  the  floor 
as  well  as  the  margins  of  the  cell  formed  of  agar  plus  the  dift'erent 
concentrations  of  calcium  chloride,  it  will  be  seen  that  many  more  cells 
adhere  in  concentrations  of  0.5  to  2  per  cent  than  when  only  the  mar- 
gins of  the  cell  contained  calcium  chloride.  When  frozen  sections  were 
made  of  these  difi'erent  agar  plates  it  was  found,  after  examination 
of  the  serial  sections,  that  the  leucocytes  migrated  into  the  agar  to 
the  depth  of  0.68  to  0.84  mm.  when  calcium  chloride  was  combined 
with  the  agar,  while  the  migration  into  the  plain  agar  occurred  only 
to  the  depth  of  0.22  to  0.47  mm.  when  the  margins  contained  the 
calcium  chloride. 
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Calcium  Chloride  Combined  with  Agar.    Floor  of  2  Per  Cent  Plain  Agar.    Human 

Blood. 


2.108  3.149|2.508  3,097 


3,146  3,564  4,036  4,587  4,562 
1,872|2,569|3,095'2,764;3,593  4,095  4,539  3,842  4,594 
1,869|2,546|3,148'3,056'3,582'4,082  3,584  3,792  4,327 
2,304  2,492;3,345,3,543;4,726|5,238  5,098  5,070  4,956 
2,495|3,178  3,487|3,642  4,94615,654  5,187  5,136  5,032 
1,657  3,48213,542  5,035  5,692,5,237  5,109  5,192  5,017 


Average  2,051  2,901  3,187|3,523,4,260  4,645  4,591  4,603  4,746  3,921  3,003 


3,736 
3,874 
2,746 
4,086 
4,301 
4,785 


2,836  2,564 
2,893  2,482 
2,6832,538 
3,082  2,775 
3,149  2,867 
3,376  2,850 


2,696 


2,573 
2,531 
2,443 
2,132 
2,845 
2,742 


1,892 
1,936 
2,180 
2,038 
2,645 
2,543 


2,546  2,205 


Floor  of  2  Per  Cent  Agar  Plus  Calcium  Chloride.    Human  Blood. 


Average 
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8,324|  7,891 

8,513 

7,549 

4,079 

5,538 

3,175 

2,486 

2,568 

5,8765,683 

5,962 

5,872 

3,762 

4,163 

2,104 

1,973 

2,015 

5,769  5,468 

5,870 

5,637 

3,652 

4,075 

2,346 

2,074 

2,016 

5,678,5,469 

6,085 

5,364 

3,869 

4,197 

2,834 

1,985 

2,175 

5,697  5,683 

6,197 

5,639 

3,749 

4,329 

2,096 

2,438 

1,986 

6,107  5,789 

5,985 
6,452 

6,097 

3,578 

4,097 

2,189 

2,357 

2,439 

6,242  5,997 

6,115 

3,761 

4,396 

2,457 

2,235 

2,206 

3,125 
2,047 
2,168 
2,068 
2,157 
2,146 


2,260 


3,146 
1,985 
2,042 
2,164 
2,352 
2,458 

2,356 


Calcium  tartrate  was  slightly  positively  chemo tactic,  there  being 
an  increase  of  25  per  cent  in  the  number  of  cells  adhering  at  0.25 
per  cent  molecular  concentration,  as  compared  with  the  control. 

Calcium  lactate  was  slightly  positively  chemo  tactic  despite  the 
negative  influence  of  the  lactate  ion,  there  being  an  increase  of 
30  per  cent  over  the  control  at  0.1  to  0.05  per  cent  molecular  con- 
centration. 

Calcium  cyanide  was  slightly  positively  chemotactic  when  the  floor 
of  the  cell  consisted  of  plain  water  solution  of  agar  and  the  sides 
of  the  window  consisted  of  2  per  cent  water  solution  of  Jlgar  plus 
calcium    cyanide.     When   both   the   floor    and   the   sides  of    the 
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cell  were  made  of  the  agar  containing  the  cyanide,  there  was 
a  slightly  negative  chemotaxis.  This  may  possibly  be  explained 
on  the  basis  that  calcium  cyanide,  except  in  minute  quantities,  is 
highly  toxic,  and  only  in  these  small  quantities  does  the  chemotactic 
influence  of  the  calcium  overcome  the  cyanide  poisoning.  It  has  been 
because  of  these  variations  in  action  that  the  plain  slab  and  the  salt- 
con  tain'.ng  lab  have  been  used  in  every  case.  This  will  be  referred 
to  later.  The  average  figures  obtained  in  five  experiments  with 
calcium  cyanide  and  human  blood  are  given  below: 

Calcium  Cyanide. 


1 

per  cent. 

0.5 

per  cent. 

0.1 
per  cent. 

0.05 
per  cent. 

3,564 
2,136 

0.01 
per  cent. 

0.005 
per  cent. 

0.001 
per  cent. 

2,591 
241 

0.0005 
per  cent. 

1,403 

218 

Control. 

3,614 

3,548 

4,018 
2,018 

3,532 
547 

3,147 
536 

2,017 
2,106 

In  all  the  following  tables,  the  first  row  of  figures  will  be  the  average 
of  five  experiments  for  those  cells  in  which  the  lloor  of  the  cell  con- 
sisted of  salt-free  water  solution  of  agar,  the  lower  rows  of  figures  will 
be  for  those  cells  in  which  both  the  floor  and  walls  were  composed 
of  agar  containing  the  tested  reagents.  Because  of  space  restriction 
only  a  very  small  proportion  of  the  actual  results  are  published,  for 
the  purpose  of  ilustrating  the  procedure. 

Calcium  carbonate,  calcium  sulfate,  and  calcium  cinnamate  were 
all  somewhat  positively  chemotactic  and  varied  very  little  from  each 
other.  The  greatest  number  of  leucocytes  adhering  was  when  the 
molecular  concentration  was  0.25  per  cent,  there  being  an  increase 
of  50  per  cent  over  the  control. 

Calcium  citrate  was  negatively  chemotactic  in  all  concentrations 
over  or  below  1  per  cent,  as  mentioned  previously.  A  typical  set 
of  average  figures  for  human  blood  with  calcium  citrate  follows: 


Calcium  Citrate. 

4 
per  cent. 

2 
per  cent. 

1 

per  cent. 

0.5 
per  tent. 

2,573 
2,489 

0.25 
per  cent. 

0.1 
per  cent. 

1.549 

1,537 

o.os 

percent. 
1,485 

1,426 

0.01 
per  cent. 

1,502 
1,507 

Contri  1 

1,507 
1,673 

2,464 
2,793 

3,092 
3,052 

2.798 
2,538 

3,017 
3,164 
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Sodium  Salts. 

The  sodium  salts  had  no  constant  action  that  depends  on  the  sodium 
ion  per  se.  Sodium  chloride  was  positively  chemotactic  at  1, 0.8,  and 
0.75  per  cent  molecular  concentrations,  nearly  twice  as  many  leuco- 
cytes adhering  as  in  the  control  slides  with  the  blood  of  the  same 
animal.  In  more  than  5  per  cent  molecular  concentration  there  was  a 
negative  chemo taxis,  only  two- thirds  to  one-half  as  many  cells  adhering 
as  in  the  control  slides.  These  figures  applied  to  all  blood,  human, 
rabbit,  dog,  and  guinea  pig.  A  typical  set  of  figures  obtained  ina 
series  of  experiments  with  sodium  chloride  is  shown  below: 


Sodium  Chloride. 

7.5 
percent. 

5 
percent. 

4 
percent. 

3 
percent 

2 
per  cent. 

1 
percent. 

0.8 
percent. 

0.5 
percent. 

0.25 
percent. 

0.1 
percent. 

Control. 

1,042 
1,036 

1,965 
1,538 

2,386 
2,069 

2,576 
2,537 

3,091 
3,096 

4,027 
4,586 

3,957 
4,097 

2,538 
2,437 

2,273 
2,097 

2,015 
2,175 

1,869 
2,013 

Sodium  sulfate  was  neutral  in  regard  to  chemotaxis  in  all  con- 
centrations below  4  per  cent  molecular  concentration  for  all  anim.als. 
Above  this  concentration,  it  was  negatively  chemotactic.  Sodium 
carbonate  was  neutral  in  almost  all  concentrations,  although  with 
from  0.8  to  1.2  per  cent  molecular  concentration  there  was  a  slight 
positive  chemotaxis.  Sodium  tartrate  was  neutral  for  almost  all 
concentrations.  Sodium  citrate  was  neutral  in  all  concentrations 
below  0.1  per  cent;  above  this  it  was  negatively  chemotactic  for 
human  blood ;  for  rabbit  blood  there  was  a  slight  degree  of  negative 
chemotaxis  for  molecular  concentrations  above  0.5  per  cent. 

Sodium  Citrate. 


4 

per  cent. 

2 
percent. 

1 
per  cent . 

0.5 
percent. 

0.1 
per  cent. 

0.05 
percent. 

peJcTnt.           control. 

Human  blood. 

1,579 
1,538 

1,468 
1,396 

1,452 
1,425 

1,792 
1,658 

2,247 
2,153 

2,296 
2,153 

2,158 
2,096 

2,375 
2,436 

Rabbit  blood. 

2,548 
2,356 

2,459 
2,351 

2,197 
2,146 

2,987 
2,857 

3,084 
2,967 

3,178 
3,089 

3,097 
3,096 

2.976 
2,963 
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Sodium  lactate  was  negatively  chemotactic  in  all  concentrations 
for  human  blood,  but  with  rabbit  blood  there  was  no  negative  chemo- 
taxis,  and  with  the  blood  jof  three  of  the  five  animals,  there  was  an 
increase  of  about  25  per  cent  in  the  number  of  leucocytes  adhering 
at  0.05  to  0.1  per  cent  molecular  concentration. 

Sodium  cinnamate  was  somewhat  positively  chemotactic  in  molec- 
ular concentrations  of  2  per  cent  and  over.  In  lower  concentra- 
tions it  was  neutral.  This  held  true  for  the  blood  of  man,  rabbits, 
and  dogs. 

Sodium  phosphate  was  positively  chemotactic  in  varying  degrees 
as  the  tri-,  di-,  and  monobasic  salt. 

In  the  work  on  sodium  phosphate,  advantage  was  taken  of  the 
fact  that  pneumonia  patients  who  had  received  large  doses  of  sodium 
phosphate  either  by  mouth  or  intravenously  showed  an  increased 
number  of  leucocytes  migrating  into  the  agar  containing  sodium 
phosphate  or  calcium  chloride.  A  normal  person  was  used  as  con- 
trol and  the  blood  tested  at  intervals  after  the  same  doses  of  sodium 
phosphate.  It  was  found  that,  alike  in  pneumonia  and  in  health, 
many  more  cells  migrated  into  agar  containing  Na2HP04  or  CaCU 
than  in  the  case  of  those  people  who  had  not  received  the  sodium 
phosphate  medication.  A  typical  set  of  figures  is  shown  below  for 
the  blood  of  patients  who  had  received  large  doses  of  sodium  phosphate, 
when  tested  with  Na2HP04  agar. 


4 
per  cent. 

2 
per  cent. 

1 

per  cent. 

0.5 
per  cent. 

0.25 
percent. 

0.1 
per  cent. 

0.05 
percent. 

0.01 
per  cent. 

Control. 

Pneumonia  blood. 

6,182 
11,427 

7,023 
15,356 

7,147 
15,876 

10,862 
18,973 

7,046 
14,899 

7,136 
14,992 

7,563 

7,642 

7,014 
7,924 

5,409 

5,311 

Normal  human  blood. 

4,847 
6,436 

4,939 
6,854 

4,883 
6,973 

4,439 
9,037 

4,872 
6,853 

4,976 
6,693 

4,895 
3,246 

3,869 
3,386 

2,197 
2,201 

The  blood  of  all  animals  showed  a  positive  chemotaxis  with  Nas 
PO4  in  molecular  concentrations  of  0.1  to  2  per  cent;  in  concentrations 
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over  2  per  cent  there  was  a  slight  negative  chemo taxis,  probably  due 
to  the  alkaline  reaction. 

With  both  NaH2P04  and  Na2HP04  marked  positive  chemotaxis 
was  produced,  as  shown  by  the  two  following  tables: 


NaHiPOi  with  Normal  Human  Blood. 

4 
percent. 

2 

percent. 

1 

percent. 

0.8 
per  cent. 

0.5 
per  cent. 

0.25 

percent. 

0.1 

per  cent. 

0.05 

per  cent. 

Control. 

4,387 
4,038 

4,097 
6,359 

4,028 
6,109 

4,538 
7,537 

4,538 
7,634 

3,327 
6,094 

3,107 
6,024 

2,145 
2,214 

2,047 
2,046 

NaiHPOi  with  Normal  Human  Blood. 

4 
per  cent. 

2 
per  cent. 

percent. 

0.5 
percent. 

0.25 
per  cent. 

0.1 
percent. 

o.os 

per  cent. 

Control. 

10,847 
9,856 

5,432 
8.951 

7,096 
9,943 

7,756 
8,926 

4,483 
6,453 

3,224 
4,954 

2,875 
4,493 

2,846 
2,893 

When  to  calcium  chloride  NaH2P04  was  added,  there  was  a  marked 
increase  in  the  number  of  cells  adhering.  There  seemed  to  be  a 
synergistic  action  between  sodium  phosphate  and  calcium  chloride, 
the  increase  in  the  number  of  cells  being  greater  than  could  be  accounted 
for  by  the  addition  of  the  cells  adhering  with  either  of  the  two  chemi- 
cals alone. 

CaCh  Plus  NaHzPOi. 


4 
per  cent. 

2 
per  cent. 

1 

per  cent. 

0.5 
percent. 

0.1 
per  cent. 

0.05 
per  cent. 

0.01 
per  cent. 

Control. 

10,752 
13,257 

11,765 
14,735 

10,967 
11,364 

9,870 
12,453 

10,236 
13,247 

9,846 
9,364 

3,245 
6,325 

2,346 
2,433 

Potassium  Salts. 

All  potassium  salts  were  negatively  chemotactic  for  all  blood  of 
all  animals  employed  when  concentrations  over  0.01  per  cent  (molec- 
ular concentration)  were  used.  This  held  true  for  potassium  chloride, 
potassium  acid  carbonate,  and  potassium  acid  phosphate.  In 
molecular  concentration  below  0.01  per  cent  there  was  a  neutral 
response  with  all  blood,  human,  rabbit,  dog,  and  guinea  pig. 
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Barium  sulfide  was  slightly  negatively  chemotactic  in  molecular 
concentration  over  0.05  per  cent.  Barium  sulfate  was  slightly 
positively  chemotactic. 

Strontium  Chloride. 

Strontium  chloride  was  slightly  positively  chemotactic,  but  stron- 
tium chloride  with  equal  molecular  concentrations  of  magnesium  sul- 
fate gave  a  great  increase  in  the  number  of  cells  adhering  to  the  agar. 
Here  again  the  action  seemed  synergistic,  since  neither  alone  gave 
marked  reaction,  and  many  more  cells  adhered  to  the  agar  than 
could  be  accounted  for  by  mere  addition  of  the  cells  emerging  when 
both  salts  were  used. 

Magnesium  Salts. 

Magnesium  salts  acted  in  the  same  way  as  sodium  salts  in  regard 
to  chemotaxis,  this  seeming  to  depend  largely  on  the  negative  ion 
attached  to  the  magnesium.  Magnesium  sulfate  was  neutral  as 
regards  chemotaxis  in  all  concentrations  for  all  blood.  Magnesium 
tartrate  was  slightly  negatively  chemotactic  in  concentrations  over 
1  per  cent,  but  neutral  in  all  concentrations  below  this  for  all  blood 
used.  Magnesium  citrate  was  slightly  negatively  chemotactic  for 
all  blood  but  more  so  for  rabbit  than  for  human  blood. 

Mercury  Salts. 

All  mercury  salts  behaved  about  the  same  in  regard  to  chemotaxis. 
They  seemed  to  fix  the  blood  before  the  cells  could  migrate  into 
the  agar,  so  that  only  a  few  could  be  counted.  The  clot  formed 
was  hard  and  brittle.  This  apparent  negative  chemotaxis  of  mercury 
salts  is  really  a  fixation  of  proteins  and  not  a  chemotaxis  of  any  kinil. 
For  these  reasons,  the  action  of  these  compounds  must  be  studied  in 
some  other  way  to  determine  the  degree  of  chemotaxis  they  possess. 

Ort^anic   Acids. 

Oleic  acid  was  positively  chemotactic.  This  substance  was  used 
with  the  paraffin  method  so  that  the  acid   would  dissolve  quickly 
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throughout.  Since,  however,  only  the  sides  of  the  cell  thus  formed 
contained  the  reagent,  this  was  unsatisfactory.  For  this  reason,  an 
emulsion  of  oleic  acid  with  agar  was  made  and  then  cooled  and 
hardened  rapidly  over  ice  so  that  the  floor  and  sides  of  the  cell  thus 
formed  would  contain  the  same  concentration  of  the  reagent.  There 
was  an  increase  of  100  per  cent  in  the  number  of  cells  adhering 
at  0.5  per  cent  concentration  over  the  control;  in  concentrations  over 
1  per  cent  there  was  no  chemotactic  effect,  about  the  same  number 
of  cells  adhering  as  in  the  control.  The  sodium  salt  of  this  acid 
showed  only  a  very  slight  increase  in  the  number  of  cells  adhering 
at  0.1  per  cent  molecular  concentration;  above  this  there  was  a 
slightly  negative  chemotaxis. 

Lactic  acid  was  negatively  chemotactic.  This  may  have  been  due 
in  part  to  the  hydrogen  ion  concentration,  but  the  sodium  salt  was 
also  negatively  chemotactic  although  not  so  markedly  so  as  the  pure 
acid.  There  were  only  half  as  many  cells  adhering  with  lactic  acid 
in  concentrations  above  0.05  per  cent  as  there  were  in  the  control. 

Uric  acid  was  slightly  negatively  chemotactic  in  molecular  con- 
centrations above  0.5  per  cent;  below  this  concentration  it  had  no 
effect. 

Nucleinic  acid  made  from  yeast  was  positively  chemotactic  in 
molecular  concentrations  of  0.0005  to  0.00001  per  cent  or  percentage 
concentrations  of  0.0065  to  0.00013 ;  when  the  acidity  was  overcome  by 
by  the  addition  of  a  slight  amount  of  sodium  hydroxide  (hydrogen  ion 
concentration  pH  =  7.7),  there  was  an  increase  in  the  number  of  cells 
adhering.  With  the  free  acid  there  were  two-thirds  more  cells  ad- 
hering at  0.0025  per  cent  molecular  concentration  (0.0325  per  cent 
by  weight)  than  in  the  control.  With  the  addition  of  the  sodium 
hydroxide  there  were  twice  as  many  cells  adhering  as  in  the  control. 

Amino- Acids  and  Amines. 

Glycine  and  alanine  were  slightly  positively  chemotactic,  alanine 
being  somewhat  more  so  than  glycine.  At  4  per  cent  concentration 
there  were  about  three  times  as  many  cells  adhering  as  in  the  control 
when  glycine  was  used,  while  with  alanine  there  were  about  three 
and  one-half  times  as  many  cells  adhering. 
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Tyrosine  was  somewhat  positively  chemotactic.  There  were 
about  three  times  as  many  cells  adhering  with  molecular  concentrations 
of  0.0001  to  0.001  per  cent  as  in  the  control.  Tyramine,  made 
synthetically,^  acted  most  peculiarly.  The  cells  clumped  in  such  a  way 
that  it  was  impossible  to  count  or  even  to  estimate  the  number  mi- 
grating into  the  agar  with  any  degree  of  exactitude.  This  was  re- 
peated many  times,  the  same  thing  occurring  each  time.  No  reason 
could  be  found  for  this  action  of  tyramine.  It  suggested  the  appear- 
ance of  a  calcium  cyanide  clot,  but  differed  in  that  the  cells  were 
much  more  firmly  adherent  to  each  other  with  tyramine  than  with 
calcium  cyanide. 

Histamine^  was  strongly  positively  chemotactic  in  molecular  con- 
centrations of  over  0.000025  per  cent  (0.000055  per  cent  by  weight), 
but  the  leucocytes  of  dog  and  human  blood  showed  a  greater  degree 
of  migration  into  the  agar  containing  histamine  than  did  the  leucocytes 
of  rabbit  blood.  One  set  of  illustrative  figures  will  be  given  for  human, 
one  for  dog,  and  one  for  rabbit  blood. 


Histamine. 

0.005 
per  cent. 

0.00025 
per  cent. 

0.0001 
percent. 

0.00005 
per  cent. 

0.000025 
per  cent. 

0.00001 
per  cent. 

0.000005 
per  cent. 

0.0000025 
per  cent. 

Control. 

Human  blood. 

7,021 
7.183 

6,538 
6,983 

5,028 
9,894 

2,537 
1,093 

3,159       1,138 
4,963       2,915 

1,274 
1,019 

1,485 
1,857 

1.407 
1.396 

Dog  blood. 

5,379 
7,037 

5,027 
7,239 

2,473 
7,635 

1,532 
6,528 

2,036 
6,017 

1,463 
3,012 

3,527 
5.172 

4,037 
5.187 

3,016 
3,423 

Rabbit  blood. 

4,507 

4,017 
4,321 

3,012 
3,294 

1,093 
993 

1,004 
3.653 

1.025 
1,946 

1,028 
1,956 

857 
1.845 

1,046 
1,243 

Histidine  from  the  same  source  showed  a  slight  ])ositive  chemotaxis 
for  all  blood,  human,  dog,  and  rabbit.     There  was  an  increase  of  about 

•The  tyramine  was  made  by  Dr.  Kocsslcr  and  Dr.  Ilanke 
^  This  was  also  obtained  from  Dr.  Koesslcr  and  Dr.  Hanke. 
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25  per  cent  in  the  number  of  cells  adhering  at  0.005  per  cent  over  the 
number  adhering  in  the  control  window. 

Glutamic  acid  was  slightly  positively  chemotactic  in  concentrations 
of  0.0005  to  0.00001  per  cent;  when  the  acidity  was  overcome  by  the 
addition  of  a  slight  amount  of  sodium  hydroxide,  the  solution  being 
neutral  to  phenolphthalein  (pH  =  7.7),  there  was  an  increase  in  the 
number  of  cells  adhering.  When  the  free  acid  was  used  there  was 
an  increase  of  100  per  cent  in  the  number  of  cells  adhering  with  con- 
centrations of  0.005  to  0.00001  per  cent,  while  with  the  addition  of 
sodium  hydroxide  the  increase  was  200  per  cent  over  the  control. 

Aminovalerianic  acid  was  positively  chemotactic  in  all  concentra- 
tions to  about  the  same  extent  as  glutamic  acid.  With  the  addition 
of  sodium  hydroxide  there  was  also  an  increase  in  the  number  of 
cells  adhering.  A  typical  series  for  aminovalerianic  acid  and  human 
blood  is: 

Aminovalerianic  Acid. 


0.05 
per  cent. 

0.01 
percent. 

0.005 
percent. 

0.001 
percent. 

0.0005 
percent. 

0.0001 
percent. 

0.00005 
percent. 

0.00001 
per  cent. 

0.000005 
per  cent. 

Control. 

3,537 
6,283 

4.091 

5,897 

4,486 
5,546 

3,147 

4,138 

2,159 
5,589 

2,038 
3,143 

1,537 

3,107 

2,046 

3,186 

3.034 

3,037 

1,986 

2,037 

Aminovalerianic  acid  with  NaOH  added  to  neutrality. 

4,031 
9,837 

4,899 
9,853 

4,998 
9,475 

3,887 
6,015 

3,926 
4,084 

3,967 
3,996 

4,037 
3,026 

3,448 
4,035 

3,963 
5,863 

2,015 
2,104 

Alkaloids. 


Morphine  was  slightly  positively  chemotactic  for  human  and  dog 
blood  in  most  concentration  for  all  morphine  compounds  used  except 
the  citrate.  This  is  contrary  to  most  of  the  work  that  has  been  done 
with  morphine  and  its  compounds,  but  after  many  repetitions  the  same 
result  was  obtained.  There  is  much  less  increased  migration  of  leuco- 
cytes with  rabbit  than  with  human  blood.  Morphine  sulfate  showed 
a  slight  but  constant  positive  chemotaxis  for  human  and  dog  blood 
in  concentrations  of  0.3  to  2  per  cent,  for  rabbit  blood  in  concentra- 
tions of  3  per  cent.     Morphine,  morphine  hydrochloride  and  nitrate, 
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all  showed  the  same  degree  of  chemotaxis.  Morphine  citrate  was 
practically  neutral  in  concentrations  below  0.05  per  cent,  but  above 
that  it  was  negatively  chemo tactic. 

Morphine  Hydrochloride. 


3  2  1 

percent,  percent,  percent 


0.5  0.1 

percent,  percent. 


0.05  0.01  0.005 

percent,    percent,    percent. 


0.00 1 
percent. 


0.0005 
percent. 


Control. 


] 

luman  blood. 

1,817 
2,047 

1.537  1,509    1,598    1,648 

5.538  5,018   5,537    5,536 

1 

1,892 
5,023 

2,147     3,027 
4,321      4,572 

2,568 
4,012 

1,785 
1,825 

Rabbit  blood. 

3,018 
4,001 

1,016 
1,192 

1,546 
2,032 

1,512 
1,472 

1,478 
2,351 

1,443 
2,511 

1,976 
1,897 

2,314 
1,998 

2,215 
2,322 

2,415 
2,451 

2,648 
2,771 

Heroine  and  heroine  compounds  were  neutral  as  regards  chem- 
otaxis. Codeine  and  codeine  compounds  were  neutral  in  most  con- 
centrations, but  in  concentrations  over  1  per  cent  there  was  a  slight 
negative  chemotaxis. 

Caffeine  sulfate  was  negatively  chemotactic  for  all  blood  in  all  con- 
centrations. Quinine  sulfate,  strychnine  sulfate,  and  brucine  sulfate 
were  all  negatively  chemotactic  for  all  blood  in  all  concentrations. 

Miscellaneous  Substances. 


Papayotin,  or  papain,  was  markedly  negatively  chemotactic  for 
human  blood  in  all  concentrations.  In  fact,  only  vS  to  100  leucocytes 
adhered  to  the  agar  containing  concentrations  of  papayotin  over 
O.OvS  per  cent.  With  rabbit  blood  there  was  a  remarkable  difference, 
a  positive  chemotaxis  being  observed  with  all  concentrations  over  0.05 
per  cent.  This  decided  chemotaxis  for  rabbit  blood  is  mentioned 
by  Gabritchevsky.  Dog  blood  came  midway  between  rabbit  and 
human  blood,  while  the  blood  of  frogs  varied  with  the  temperature  of 
the  body;  thus  the  winter  frog  blood  was  negatively  chemotactic,  the 
summer  frog  blood  was  positively  chemotactic. 
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Papayotin. 


4 
percent. 

2 

per  cent. 

1 
per  cent. 

0.5 
per  cent. 

O.l 
percent. 

0.05 
per  cent. 

O.OI 
per  cent. 

0.005 
per  cent. 

Control. 

Human  blood. 

120 
16 

110 

34 

100 

35 

102 
74 

135 
52 

385 

87 

732 
128 

983 
1,184 

2,361 
2,752 

Rabbit  blood. 

6,284 
6,988 

6,938 
6,793 

6,733 
6,990 

5,732 
5,938 

3,462 
4,521 

3,352 
3,710 

2,573 
3,109 

2,283 
2,846 

4.198 
4,017 

Urea,  urethane,  and  creatinine  were  all  negatively  chemotactic 
for  the  blood  of  all  animals,  in  molecular  concentrations  above  0.5 
per  cent;  below  this  concentration  they  were  neutral. 

Ethyl  alcohol  was  negatively  chemotactic  in  all  concentrations 
over  2  per  cent,  no  matter  whether  the  paraffin  or  agar  method  was 
used.     In  concentrations  under  2  per  cent,  alcohol  was  neutral. 

Cantharidin,  or  cantharidinum  (u.s.p.),  was  positively  chemotactic. 
Cantharidin  was  obtained  from  Chinese  cantharides  and  the  puri- 
fied cantharidin  was  dissolved  in  70  per  cent  alcohol  and  an  emulsion 
made  with  agar.  This  emulsion  was  cooled  rapidly  over  ice,  then 
the  windows  were  cut  as  in  previous  cases.  The  blood  of  different 
animals  varied  markedly  towards  cantharides.  This  was  strikingly 
shown  for  rabbit  blood.  The  rabbit  seems  to  have  a  congenital 
tolerance  for  cantharidin,  and  rabbit  leucocytes  were  little  influenced 
by  cantharidin,  which  was  decidedly  positively  chemotactic  for 
leucocytes  from  other  species. 


Cantharidin. 


0.5 
percent. 

0.25 
percent. 

0.1 
per  cent. 

0.05 
percent. 

0.025 
percent. 

0.01 
percent. 

0.005 
percent. 

0.001 
per  cent. 

0.0005 
per  cent. 

Control. 

Human  blood. 

5,987 
1,928 

3,863 
6,937 

3,993 
4,837 

7,946 
8,123 

5,124 
5,923 

2,136 
1,927 

1,872 
1,764 

2,044 
2,942 

2,115 
2,012 

2,109 
2,213 

Rabbit  blood. 

6,001 
1,125 

4,336 
2,453 

4,118 
1,362 

2,119 
2,774 

2.139 
3,632 

2,003 
3,587 

1,947 
1,176 

3,024 
3,531 

3,642 
3,346 

3,798 
3.631 
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It  will  be  noticed  that  when  the  concentration  of  cantharidin  was 
over  0.25  per  cent,  fewer  cells  migrated  into  the  agar  combined  with 
cantharidin  than  into  the  plain  agar  with  a  margin  of  agar  plus  can- 
tharidin. It  is  possible  that  strong  concentrations  of  markedly 
chemotactic  substances  have  a  repelling  action.  This  is  shown 
more  markedly  in  the  case  of  rabbit  blood,  for  here  there  seems  to 
be  a  repeUing  action  in  all  concentrations  over  0.05  per  cent  in  the 
cells  with  a  cantharidin-containing  floor. 

Aspirin  (acetyl-salicyHc  acid),  acetanilide,  and  chloral  hydrate 
were  all  negatively  chemotactic  in  all  concentrations  for  all  blood. 
The  reduction  in  the  number  of  cells  adhering  varied  from  20  to  60 
per  cent  below  the  normal.  Fewer  cells  adhered  in  concentrations 
over  0.5  per  cent  than  below.  At  4  per  cent  concentration,  with  all 
of  these  reagents,  only  about  40  per  cent  of  the  control  number  of 
leucocytes  adhered. 

Chloretone  (Parke,  Davis  and  Company)  was  slightly  positively 
chemotactic  in  practically  all  concentrations,  the  increase  varying 
from  about  5  to  20  per  cent  over  the  control. 

Glucose  was  neutral  in  all  concentrations  under  20  per  cent; 
above  that  there  was  a  very  slight  negative  chemotaxis. 

Mustard  gas  (dichloroethyl  sulfide)  was  practically  neutral 
in  all  concentrations.  An  emulsion  was  made  of  the  sulfide  in  oil 
with  agar  and  then  cooled  rapidly  over  ice.  When  the  sulfide  in 
oil  was  added  to  paraffin,  more  of  the  gas  volatilized  because  the 
oil  had  to  be  added  at  a  much  higher  temperature,  due  to  the  higher 
melting  point  of  the  paraffin  than  of  the  agar.  With  parallin,  also, 
the  floor  consisted  of  the  plain  glass  so  that  the  effects  of  the  reagent 
could  be  seen  only  along  the  sides  of  the  window  thus  made. 

Parazol,  or  crude  dinitrodichlorobenzene,*^  was  somewhat  posi- 
tively chemotactic  in  concentrations  under  1  per  cent;  over  that  it 
was  negatively  chemotactic. 

Olive  oil  was  neutral  in  all  concentrations. 

Scarlet  R,  purified,  was  slightly  positively  chemotactic  in  con- 
centrations of  0.5  to  2  per  cent,  below  that  it  was  neutral. 

'  Concerning  the  toxicity  and  properties  of  parazol  sec  Wells,  II.  Ci.,  J .  hid. 
Hyg.,  1920,  ii,  247;  Voegtlin,  C,  Livingston,  A.  E.,  and  Hooper,  C.  \V.,  Bull. 
Hyg.  Lab.,  U.  S.  P.  H.,  No.  126,  1920,  183. 
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Turpentine  was  slightly  positively  chemotactic  in  concentrations 
over  0.1  per  cent;  there  was  an  increase  of  50  per  cent  over  the  con- 
trol at  0.5  per  cent  concentration. 

Veronal  was  slightly  negatively  chemotactic  in  all  concentrations 
over  0.5  per  cent;  below  that  it  was  about  neutral. 

Yeast  vitamine  (Harris)  was  slightly  positively  chemotactic  in 
concentrations  over  0.1  per  cent.  This  may  be  due  to  the  fact  that 
many  amino-acids  and  extractives  are  contained  in  this  substance, 
and  as  they  are  positively  chemotactic,  anything  in  which  they  are 
found  will  show  a  certain  degree  of  positive  chemotaxis. 

Ether  was  slightly  positively  chemotactic  in  concentrations  over 
0.1  per  cent,  when  there  was  an  increase  of  about  50  per  cent  over 
the  control  in  the  number  of  cells  adhering. 

DISCUSSION. 

This  new  method  of  Wright's  has  been  found  very  satisfactory 
for  the  determination  of  chemotaxis  in  vitro.  It  has  been  modified 
somewhat;  i.e.,  there  is  no  need  for  calibrated  capillary  pipettes, 
as  ordinary  capillary  pipettes  may  be  used  and  1  or  2  drops  from  the 
same  pipette  will  give  the  same  amount  of  blood.  Cooling  will  cause 
changes  in  the  reaction,  so  that  it  is  necessary  to  keep  the  blood  at 
37°C.  at  all  times.  The  hydrogen  ion  concentration  is  an  important 
factor  and  this  has  been  considered  carefully. 

This  method  is  definitely  quantitative.  All  steps  may  be  carefully 
controlled,  so  that  factors  of  error  may  be  practically  eliminated. 
Substances  may  be  used  with  this  method  that  have  heretofore  never 
been  studied  as  regards  their  chemotactic  powers;  among  these  are 
cantharidin,  histamine,  mustard  gas,  parazol,  and  tyramine.  The 
results  obtained  by  this  method  with  substances  frequently  studied, 
agree  in  practically  all  particulars  with  those  obtained  by  other 
workers  with  different  methods.  It  may  also  be  employed  as  a 
method  of  determining  the  action  of  unknown  drugs  in  producing 
the  migration  of  leucocytes  at  the  site  of  injection.  The  results 
obtained  with  sodium  phosphate  compounds,  showing  them  to  be 
strongly  positively  chemotactic  and  increasing  the  chemotaxis  of 
the  blood  of  those  taking  them  either  by  mouth  or  intravenously,  are 
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of  interest  in  relation  to  recent  work  on  the  use  of  these  salts  in  the 
treatment  of  many  infections. 

It  has  been  found  that  the  blood  of  different  species  of  animals 
may  react  differently  towards  different  drugs;  thus,  rabbit  blood 
shows  much  less  positive  chemotaxis  for  cantharidin  than  human  or 
dog  blood.  On  the  other  hand,  rabbit  blood  was  much  more  markedly 
positively  chemotactic  for  papayotin  than  human  or  dog  blood. 
With  histamine,  human  and  dog  blood  showed  more  cells  migrating 
into  the  agar  than  did  rabbit  blood.  There  seems  to  be  no  apparent 
underlying  reason  for  this  difference  in  action  of  the  blood  of  different 
animals. 

CONCLUSIONS. 

1.  Wright's  method  for  the  study  of  chemotaxis  of  leucocytes 
in  vitro,  slightly  modified,  has  been  found  to  be  most  satisfactory  in 
the  estimation  of  the  degree  of  chemotaxis  of  various  substances, 
because  it  is  possible  to  make  an  exact  quantitative  determination  of 
the  leucocytes  that  have  migrated  from  the  blood  clot  and  adhere  to 
the  surfaces  containing  the  tested  substance. 

2.  The  calcium  ion  is  the  only  inorganic  ion  per  sc  which  is  found 
to  be  positively  chemotactic  under  the  conditions  of  these  experi- 
ments. It  is  markedly  chemotactic  in  all  concentrations  and  in 
all  combinations,  except  the  citrate.  Here  the  negative  chem- 
otaxis of  the  citrate  ion  neutralizes  the  positive  chemotaxis  of  the 
calcium  ion,  and  neutrality  of  chemotactic  effect  results. 

3.  The  sodium  and  magnesium  ions  themselves  are  neutral. 
Magnesium  and  sodium  salts  are  dependent  upon  the  negative  ion 
with  which  the  magnesium  or  sodium  is  combined  for  such  pos'- 
tive  or  negative  chemotaxis  as  is  exhibited.  All  the  phosphates 
of  sodium,  whether  tri-,  di-,  or  monobasic  salts,  are  markedly  posi- 
tively chemotactic,  and  when  combined  with  other  reagents  which 
are  themselves  neutral  or  negatively  chemotactic,  produce  marked 
positive  chemotaxis.  The  blood  of  a  person  who  has  taken  phos- 
phates either  by  mouth  or  intravenously  shows  a  great  increase  in 
chemotaxis  with  sodium  phosphate,  with  calcium  chloride,  and  even 
with  sodium   chloride  which  is  ordinarily  neutral. 

4.  All  potassium  salts  are  negatively  chemotactic. 
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5.  Many  substances  act  synergistically  as  regards  chemotaxis; 
e.g.,  when  strontium  and  magnesium  salts  are  mixed  there  is  a  marked 
increase  in  chemotaxis.  Sodium  phosphate  acts  synergistically 
with  calcium  chloride. 

6.  Mercury  salts  fix  the  leucocytes  in  this  method  so  that  their 
influence  on  chemotaxis  cannot  be  determined. 

7.  Morphine  and  morphine  salts  are  positively  chemotactic;  this  is 
contrary  to  the  results  obtained  by  others^with  different  methods. 

8.  Substances  which  produce  a  very  acute  inflammation,  such 
as  cantharidin,  histamine,  or  turpentine,  are  found  to  be  positively 
chemotactic  by  this  method,  but  substances,  such  as  mustard  gas, 
which  produce  a  marked  necrotizing  effect  are  found  to  be  negatively 
chemotactic,  or  neutral,  though  physiologically  they  would  appear 
to   be  positively  chemotactic. 

9.  All  amino-acids  and  amines  are  positively  chemotactic  to  a 
certain  extent.  It  seems  that  the  longer  the  carbon  chain,  the  greater 
the  degree  of  chemotaxis,  though  this  is  not  absolute.  Tyramine  is 
one  exception  to  this,  for  it  causes  a  peculiar  clumping  of  the  cells, 
so  that  it  is  impossible  to  count  the  number  adhering,  and  thus 
determine  whether  or  not  tyramine  is  positively  chemotactic. 

10.  The  time  that  the  blood  of  animals  is  examined  after  eating 
makes  a  marked  difference  in  the  number  of  cells  adhering,  for  shortly 
after  eating,  within  30  minutes,  very  many  more  cells  will  adhere 
to  the  agar  than  at  a  later  time. 

11.  The  blood  of  different  species  of  animals  reacts  differently 
towards  different  reagents.  The  chemical  composition  of  these 
agents  seems  to  have  nothing  to  do  with  this  difference  in  reaction 
as  far  as  we  could  determine. 

12.  With  frozen  serial  sections  it  has  been  found  that  the  depth 
of  penetration  of  the  leucocytes  into  the  agar  is  proportional  to  the 
positive  chemotaxis  produced  by  the  substance  combined  with  the 
agar,  as  demonstrated  by  the  number  of  leucocytes  adherent  to  the 
walls  of  the  test  chambers. 


OBSERVATIONS  ON  THE  RELATION  OF  UREA 
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The  objects  of  this  research  were  to  determine  what  relationship 
existed  between  the  toxicity  of  various  normal  urinary  constituents  and 
fhe  manifestations  of  what  is  clinically  known  as  uremia — meaning  by 
the  term  "uremia"  the  symptoms  observed  as  a  result  of  marked 
obstruction  to  the  outflow  of  urine,  on  the  one  hand,  and,  on  the  other 
hand,  the  symptoms  which  appear  in  many  cases  of  chronic  Bright's 
disease,  characterized  by  convulsions,  various  paralyses  and  coma. 

In  pursuance  of  these  objects,  it  was  thought  advisable  to  begin 
with  the  simplest  organic  urinary  constituent — urea — to  determine  its 
toxicity  on  dogs — when  injected  in  large  doses  in  relatively  short 
periods  of  time — to  note  the  symptoms  produced,  to  follow  the  changes 
in  the  blood  and  urine  content  of  urea,  and  to  determine,  at  the 
necropsy,  the  pathologic  changes  that  might  have  taken  place — both 
gross  and  microscopic — as  well  as  the  urea  content  of  various  body 
fluids.  Then,  the  toxicity  of  urea  was  determined  in  dogs  in  which 
one  ureter  had  been  ligated ;  and  in  other  cases  both  ureters  were 
ligated  and  the  changes  in  the  blood  urea  followed  until  the  death  of 
the  animal. 

THE     LITERATURE 

There  is  a  tremendous  literature  ^  on  the  subject  of  uremia  and 
related  topics ;  but,  while  theories  are  abundant,  and  there  are  many 
facts,  there  is  a  great  deal  of  conflict  of  opinion  on  every  aspect  of 
the  subject — even  on  the  subject  as  to  what  constitutes  ''uremia." 

One  of  the  earliest  theories  of  the  causation  of  uremia  was  a 
chemical  theory  put  forth  by  Wilson  in  18vS3,  in  which  the  symptoms 
were  ascribed  to  the  retention  of  urea  in  the  blood.  But  discrepancies 
were  soon  noted  between  the  amounts  of  urea  in  the  blood  and  the 
severity  of  the  symptoms  in  patients,  and  later  workers,  L^rerichs,  in 
1852,  Feltz  and  Ritter,  in  lcS80,  Boucljard,  in  1887,  Ilertcr,  in  1898,  and 
many  others,  found  that  urea  was  relatively  nontoxic,  when  injected 
into  animals.  In  fact,  Bouchard,  using  rabbits,  found  that  the  amount 
of  a  concentrated  urea  solution  necessary  to  ])r()duce  severe  symptoms 
was  equal  to  the  toxic  dose  of  distilled  water  itself.  Although  (lallois, 
Richardson,  in  1862,  X'oit,  in  1868,  and  others,  claimed  ])()sitive  results, 


♦From  the  Department  of  I'atlioln^ry.  rnivcrsily  i.f  Chicago,  and  the  Otho 
S.  A.  Sprague  Memorial   Institute. 

1.  For  most  of  the  literature  up  to  190()  we  have  made  use  of  Ascoli's 
"Uramie"    (1902)   in   which   a  complete   reviiw   of   the   suhject   is  given. 


they  were  met  with  the  objection  that  their  resuhs  were  due,  not  to  the 
urea  itself,  but  to  various  impurities  or  to  the  osmotic  changes  induced 
by  the  concentrated  solutions  employed. 

An  anatomic  theory,  suggested  by  Traube  in  1860,  ascribed  uremia 
to  edema  of  the  brain  and  consequent  circulatory  disturbances.  But 
necropsies  soon  disclosed  the  fact  that  great  inconsistencies  existed 
between  the  anatomic  and  clinical  findings,  so  the  theory  lost  ground, 
and  a  return  to  a  chemical  theory  followed.  This  time  ammonium 
carbonate  was  blamed,  Frerichs,  in  1851,  postulating  that  urea  in  the 
blood  was  converted  by  ferments  into  the  toxic  ammonium  compound, 
while  Treitz,  in  1859,  believed  that  the  change  occurred  in  the  intestines. 
However,  the  ammonia  content  of  uremic  blood  was  found  to  be 
negligible. 

Voit,  in  1868,  Feltz  and  Ritter,  in  1881,  and  Linbeck,  in  1898, 
turned  their  attention  to  the  inorganic  constituents  of  urine,  and  chose 
potassium  chlorid,  because  of  its  extreme  toxicity  to  animals,  as  the 
cause  of  the  symptoms  of  uremia — especially  the  convulsions  and  coma. 
However,  the.  clear-cut  cardiac  picture  in  potassium  poisoning,  and  the 
inability  to  demonstrate  a  constant  increase  in  the  potassium  content 
of  the  uremic  blood,  spoke  against  this  theory.  Schottin,  in  1853, 
found  an  increased  amount  of  extractives  in  the  blood  of  uremics — 
especially  creatin  and  creatinin.  Jaccoud,  in  1867,  had  a  similar 
experience,  and  Landois,  in  1891,  had  worked  up  the  subject  very 
thoroughly  and  produced  convulsions  in  rats,  dogs  and  apes  by  the 
direct  application  of  creatin  to  the  cerebral  cortex.  Feltz  and  Ritter, 
however,  had  to  inject  2  gm.  creatinin  intravenously  before  they  could 
produce  convulsions  and  death,  and  these  they  obtained  only  in  one 
dog.  Various  salts  of  creatin  and  creatinin,  in  from  5  to  6  gm.  doses, 
had  no  effects.  Various  other  extractives — uric  acid,  hippuric  acid, 
leucin,  tyrosin,  purin  bases,  phosphates,  sulphates  and  chlorids — were 
similarly  ruled  out  as  a  possible  cause  of  uremia. 

Still  clinging  to  the  idea  of  urinary  retention  as  the  cause  of  uremia, 
Bouchard,  from  1882  to  1889,  worked  on  the  toxicity  of  whole  urine 
when  injected  into  rabbits.  He  found  human  urine  quite  toxic,  and 
could  account  for  only  half  of  this  toxicity  on  the  basis  of  potassium 
salts.  He  could  extract  various  substances  from  human  urine,  which, 
on  injection  into  rabbits,  produced  any  or  all  of  the  symptoms  of 
uremia.  The  urine  of  nephritic  patients  was  found  to  be  much  less 
toxic  than  normal  urine — due,  presumably,  to  retention  of  the  toxic 
products.  Bouchard  calculated  that  in  twenty-four  hours  an  average 
man  excreted  sufficient  toxins  in  his  urine  to  kill  him  in  fifty-two 
hours,  were  all  these  toxins  not  eliminated.  But  Fowler,  in  1881, 
reported  many  cases  of  complete  mechanical  obstruction  to  the  out- 
flow of  urine,  the  patients  living  for  many  days  and  even  two  weeks 
without  any   other  symptoms   than   asthenia   and   drowsiness;   hence, 


there  was  a  great  difference  between  uremia  and  anuria.  Bouchard's 
work,  on  the  whole,  was  very  crude,  and  it  was  to  be  expected  that  he 
could  obtain  almost  any  symptoms  by  injecting  such  a  complex  of 
unknowns  and  unknowables  as  is  present  in  human  urine. 

Brown-Sequard,  in  1889,  published  his  theory  on  internal  secre- 
tions and  included  the  kidney  as  one  of  the  organs  of  internal 
secretion,  ascribing  uremia  to  failure  or  lack  of  such  a  secretion.  In 
1893,  he  stated  that  while  nephrectomized  animals  lived  only  thirty 
hours  on  the  average,  similar  animals  to  whom  kidney  extracts  were 
given  lived  sixty  hours.  Meyer,  in  1893  and  1894,  reported  that  renal 
extracts  had  a  marked  effect  on  the  pulse  and  respiration  of  anesthetized 
animals  that  were  nephrectomized,  changing  the  respiration  from 
Cheyne-Stokes  to  normal.  These  results  were  obviously  trivial  and 
unimportant,  and  the  theory  of  internal  secretion  of  the  kidney  was 
dropped  for  a  time. 

Ascoli  could  see  no  very  close  relationship  between  the  nonprotein 
nitrogen  of  the  blood  and  the  severity  of  symptoms,  although  some 
parallelism  might  be  made  out.  Perhaps,  both  are  merely  the  results 
of  nephritis  and,  hence,  a  causal  relationship  between  the  two  need 
not  exist.  In  1902,  Ascoli  described  nephrolysins — substances  having 
specific  toxic  effects  on  the  kidneys,  with  side  effects  on  nervous  tissue, 
substances  akin  to  immune  bodies  and  produced  by  using  renal  tissue  as 
antigen — and  even  isonephrolysins,  produced  when  a  kidney  is  injured 
for  some  reason  or  other, — and  explained  all  the  symptoms  of  what  he 
called  "true  uremia  without  retention" — in  contrast  to  ''urinary  intoxi- 
cation with  retention" — on  the  basis  of  a  general  intoxication  with 
nephrolysins.  He  believed  that  nephrolysins  could  cause  the  increased 
blood  pressure,  the  localized  palsies,  the  edema,  the  pericarditis, 
stomatitis  and  colitis,  the  convulsions,  the  coma — in  short,  the  classical 
picture  of  a  clinical  uremic  attack.  Ascoli  emphasized  especially  the 
difference  between  the  uremia  resulting  from  mechanical  obstruction 
of  the  urinary  tract  and  the  uremia  found  as  a  terminal  event  in 
cases  of  chronic  nephritis — something  which  previous  investigators  had 
not  quite  clearly  understood,  and  which  was  the  cause  of  much 
unnecessary  dispute  and  inconsistent  experimental  work,  livery  author 
had  a  different  idea  of  uremia,  and  it  is  no  wonder  that  no  two  authors 
agreed  in  their  results. 

With  the  advent  of  physicochcmical  investigations,  many  men  turned 
their  attention  to  the  relationship  between  physicochcmical  changes  in 
the  blood  and  uremia.  Honigmann  ^  reviewed  the  literature  in  1902. 
Koranyi  found  that  the  molecular  concentration  of  the  bhuxl  increased 
in  uremia — using  cryoscopy.  Lindemann  found  a  definite  increase 
in  the  depression  of  the  freezing  point  of  water  (A)  of  the  blood  of 


2.  Honigmann:    Ergeh.  d.   Pathol.  8:549,    1902. 


uremic  patients  and  dogs  with  both  ureters  ligated,  and  believed  that 
the  change  in  osmotic  pressure  was  the  chief  cause  of  trouble.  In 
an  exhaustive  monograph,  Strauss,  in  1902,  found  an  increased  A  of 
the  blood — usually  in  chronic  interstitial  nephritis — and  a  retention  of 
organic  molecules  till  the  limit  of  the  patient's  tolerance  to  poisonous 
metabolites  was  reached,  when  any  one  or  several  of  many  factors 
might  produce  the  uremic  intoxication.  Bickel,  in  1902,  found  no 
change  in  the  electrical  conductivity  of  the  blood  of  nephrectomized 
animals,  and,  with  an  increased  A,  he  concluded  that  there  must  be  a 
retention  of  organic  molecules.  However,  in  all  these  cases,  no  constant 
relationship  could  be  found  between  the  changes  in  A  and  other  physical 
constants  and  the  severity  of  the  symptoms,  so  that,  as  Honigmann 
correctly  concluded,  no  single  series  of  facts — chemical,  physical,  or 
otherwise — had  yet  stood  in  constant  parallelism  with  the  clinical  picture 
of  uremia.  The  new  findings  were  simply  concomitant  symptoms,  so 
to  speak,  and  not  etiologic  factors.  Yet  Stern  ^  was  willing  to  ascribe 
uremia  to  diminished  electrical  conductivity  of  the  blood  serum. 

Bradford,  in  1899,  excised  varying  amounts  of  renal  tissue  in  dogs, 
and  found  an  increased  output  of  nitrogen  in  the  urine — due,  he 
thought,  to  increased  nitrogenous  catabolism  in  the  muscles.  Others 
misinterpreted  his  views  as  favoring  an  internal  secretion  for  the 
kidney.  Pearce,*  in  1908,  removed  one  half,  two  thirds  and  three 
fourths  of  the  renal  tissue  in  dogs,  but  found  no  change  in  nitrogenous 
metabolism.  But  removal  of  more  than  three  fourths  of  the  total  renal 
tissue  led  to  metabolic  upset,  owing  to  starvation  and  gastro-intestinal 
disturbances.  This  work  was  well  controlled,  and  the  further  work 
of  Pearce  ^  and  Pearce  and  Sawyer  ®  helped  to  disprove  completely 
two  theories — the  internal  secretion  theory  and  Ascoli's  nephrolysin 
hypothesis.  Pilcher,  in  1913,^  extirpated  renal  tissue  by  ligation  of 
the  renal  vessels — instead  of  excision  of  kidney  tissue — and  obtained 
results  entirely  confirmatory  of  Pearce's  work. 

When  theories  begin  to  fail,  people  turn  their  attention  to  facts. 
In  scientific  work  much  more  progress  may  be  made  by  the  invention 
of  new  methods  than  by  modifications  of  old  ones,  and  so,  in  the  work 
on  uremia  and  chronic  nephritis,  the  development  of,  perhaps,  the 
most  interesting  phase  of  the  problem — the  retention  or  accumulation 
of  waste  products,  especially  nitrogenous,  in  the  blood — was  made 
possible  by  the  new,  delicate  methods  of  blood  and   urine  analysis 
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introduced  by  Folin  and  his  collaborators  ^  since  1912,  and  extended 
by  Marshall,^  Van  Slyke  and  Cullen,^^  Myers  and  Fine,'^  and  many 
others.  As  a  result,  much  of  the  older  work  has  been  discounted,  and 
advantage  is  taken  of  the  new  methods  by  clinicians  and  laboratory 
men  alike,  in  order  to  help  accumulate  sufficient  data  from  which  to 
draw  definite  conclusions. 

It  was  suspected  very  early  in  the  nineteenth  century  that  a  retention 
of  nitrogenous  waste  products  occurred  in  the  blood  in  nephritis.  The 
methods  of  investigation,  however,  were  very  crude,  and  the  results 
inaccurate.  Among  those  who  worked  on  the  nitrogen  content  of  the 
blood  of  uremic  patients,  ordinary  nephritics  and  experimental  animals, 
were  Wilson,  Bostock,  Frerichs,  Treitz,  Ascoli,  Van  Noorden,  Schotten, 
Oppler,  Hoppe-Seyler,  Jaccoud,  Landois,  and  a  host  of  others.' - 
Strauss,  in  his  monograph,  gave  the  nonprotein  nitrogen  of  normal 
blood  as  from  20  to  35  mg.  per  100  c.c. ;  in  chronic  parenchymatous 
nephritis,  40  mg.  or  over  ;  in  chronic  interstitial  nephritis,  85  niq.  and 
over,  reaching  higher  values,  in  uremia.  Hohlwcg,  in  1911,'-'  found  41 
to  60  mg.  of  ''residue"  nitrogen  per  100  c.c.  in  normal  sera,  of  which 
60  per  cent,  was  urea  nitrogen,  as  high  as  120  mg.  in  nephritis,  and 
up  to  340  mg.  in  uremia.  Other  conditions  showed  no  such  changes. 
Foster,  in  1912,^^  found  from  43  to  164  mg.  nonprotein  nitrogen  in 
chronic  nephritis ;  from  53  to  393  mg.  in  uremia,  with  the  urea  nitro- 
gen varying  from  36  to  90  per  cent,  of  the  non])rotcin  nitrogen. 
Nonprotein  nitrogen  of  100  mg.  (per  100  c.c.)  or  more  was  considered 
a  poor  prognostic  omen. 

With  newer  methods,  the  following  results  were  obtained  :  l^'olin 
and  Denis,  in  1913,^''  found,  in  normal  people,  nonprotein  nitrogen 
from  22  to  26  mg. ;  urea  nitrogen,  from  11  to  13  mg. ;  in  chronic 
nephritis,  nonprotein  nitrogen  of  from  40  to  96  mg. ;  urea  nitrogen  of 
from  19  to  6cS  mg.  Farr  and  Austin,  in  1913.^"  found,  in  nonnephritic 
cases  nonprotein  nitrogen  from  15  to  43  mg.  with  urea  nitrogen  of 
from  50  to  60  per  cent,  of  the  former:  no  change  in  uncompli- 
cated cardiovascular  cases,  some  increase  in  chronic  parenchymatous 
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nephritis;  nonprotein  nitrogen  from  40  to  180  mg.  in  chronic  nephritis 
with  hypertension.  The  nonprotein  nitrogen  was  usually,  but  not  con- 
stantly, high  in  uremia.  Tileston  and  Comfort,  in  1914,^^  studied  142 
cases  of  nephritis  and  many  other  conditions — the  latter  as  controls — 
and  considered  as  the  normal  nonprotein  nitrogen  30  mg.  or  less,  with 
50  per  cent,  urea  nitrogen.  In  uremia,  the  nonprotein  nitrogen  was  as 
high  as  324  mg.,  urea  nitrogen,  70  per  cent,  or  more.  Nonprotein 
nitrogen  over  100  mg.  was  practically  never  found  by  them  in  condi- 
tions other  than  uremia;  when  occurring  it  was  a  very  serious  sign, 
and  was  apt  to  be  followed  very  soon  by  death.  Patients  with  a  high 
nonprotein  nitrogen  were  poor  surgical  risks. 

McLean  and  Selling,  in  1914,^*^  gave  the  normal  nonprotein  nitrogen 
as  from  23  to  36  mg.  per  100  c.c,  the  urea  nitrogen  as  from  10  to  23  mg. 
Foster,  1915,^®  found  an  average  nonprotein  nitrogen  of  63  mg.  in 
parenchymatous  nephritis,  with  84  mg.  in  the  chronic  interstitial  variety, 
and  135  mg.  in  "convulsive  uremia."  The  uric  acid — normally  from 
3  to  5  mg.  per  100  c.c. — averaged  12  mg.  in  uremic  patients,  but  there 
was  no  concordance  between  the  rise  in  purine  and  nonprotein  nitrogen. 
In  four  convulsive  cases,  the  creatin  and  creatinin  ran  from  27  to  46 
mg.  per  100  c.c,  indicating  a  rather  marked  retention.  CuUen  and 
Ellis,  1915,^^  compared  the  urea  nitrogen  in  blood  serum  and  spinal 
fluid  respectively,  and  found  in  the  former  a  range  of  from  20  to  42 
mg.,  in  the  latter  from  22  to  46  mg.,  a  very  close  correspondence,  it 
is  seen,  and  indicating  the  marked  diffusibility  of  urea. 

Schwartz  and  McGill,  1916,^^  studying  the  blood  urea,  gave,  as 
the  normal  for  human  blood,  25  mg.  urea  per  100  c.c;  in  acute 
nephritis,  twenty-five  cases,  an  average  of  57.8  mg.  was  obtained;  in 
mild  cases  of  chronic  nephritis,  28.8  mg.  with  44.4  mg.  in  advanced 
cases,  and  52.3  mg.  in  advanced  cases  with  complicating  cardiac 
decompensation.  The  urea  content  of  blood  and  other  body  fluids 
was  found  to  be  very  similar.  Kast  and  Wardell,^^  1918,  in  a  study 
of  244  hospital  cases  with  a  urea  nitrogen  of  less  than  35  mg.,  con- 
cluded that  20  mg.  was  the  upper  normal  limit  for  blood  urea  nitrogen, 
thus  agreeing  pretty  closely  with  most  of  the  previous  figures.  Finally, 
Gettler  and  St.  George,^^  1918,  in  a  review  of  600  cases  of  primary 
nephritis,  found  the  nonprotein  nitrogen  to  range  between  40  and  460 
mg.  as  compared  with  the  normal  of  from  25  to  40  mg.,  while  the 
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urea  nitrogen,  normally  from  10  to  18  mg.,  ranged  from  20  to  37?  mg. 
In  120  cases  of  gout,  the  nonprotein  nitrogen  was  from  38  to  55  mg. 
and  urea  nitrogen  from  15  to  35  mg. — somewhat  increased.  They 
stated  that  where  the  nonprotein  nitrogen  was  80  mg.  or  above, 
increased  protein  catobolism,  or  failing,  or  poor,  circulation  could  not 
be  blamed  as  the  cause,  but  the  only  possible  cause  was  some  renal 
trouble. 

An  interesting  fact  was  pointed  out  by  Chace  and  Myers, -^  1916, 
who  showed  that  in  the  various  stages  of  a  clinical  nephritis,  uric  acid 
vvas  retained  first,  then  urea  and,  last  of  all,  creatinin,  so  that  one 
might  have  uric  acid  from  6.1  to  9.5  mg.  with  normal  urea  and 
creatinin,  giving  a  "steplike"  picture.  In  fatal  cases,  the  uric  acid 
ranged  from  S.7  to  22.4  mg.,  urea  nitrogen  from  144  to  263  mg.,  and 
creatinin  from  11.0  to  22.2  mg.  All  patients  with  a  blood  creatinin 
of  more  than  5  mg.  died  in  a  short  time.  They  record  thirty-four 
cases  in  which  the  creatinin  ranged  from  4.9  to  33.3  mg.  Myers 
and  Killian,--''  1916,  reported  ninety-four  cases  with  creatinin  values 
of  more  than  5  mg.,  of  which  number  eighty-three  patients  had  died  in 
a  short  time — 80  per  cent,  in  less  than  two  months.  They  believed 
that  the  blood  creatinin  determination  furnished  a  most  reliable  prog- 
nostic test  in  nephritis  or  uremia. 

From  the  experimental  side,  it  is  interesting  to  note  that  in  uranium 
nephritis — in  cats — a  marked  retention  of  nonprotein  nitrogen  and 
urea  nitrogen  occurs;  so  also  in  cantharidin  ne])hritis  and  less  so  in 
chromate  nephritis,  as  reported  by  Folin,  Karsner  and  Denis,-'"'  in  1912. 
Later  on,  in  1914,  Karsner  and  Denis  -'  produced  a  marked  retention 
in  acute  nephritis  as  the  result  oi  injections  of  specific  hemolytic 
immune  serum,  diphtheria  toxin,  and,  especially,  tartaric  acid — non- 
protein nitrogen  3H2  mg.  in  one  cat.  Tubular  changes  seemed  a  little 
more  important  in  })roducing  retention  than  glomerular  changes,  but 
definite  conclusions  could  not  be  drawn.  Removal  of  from  one  half 
to  two  thirds  of  the  total  kidney  substance  resulted  in  only  a  slight 
nitrogen  retention  for  from  twenty- four  to  seventy-two  hours,  but 
complete  nephrectomy  was  followed  by  a  progressive  increase  in  non- 
protein nitrogen  of  the  blood — the  values  ranging  from  227  to  2S5  mg. 
in  three  dogs  rei)orted  by  Karsner  and  others,-"'  1*M5. 

Anotlier  evidence  of  retention  in  chronic  nei)hritis  and  uremia  is 
afi"ordc(l  by  the  study  of  the  ])loo(l  indican.  (  )l)erm.iycr  and  Popper,''^ 
in  1911,  believed  that  the  presence  of  indican  in  tiie  blood  was  specific 
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for  uremia.  In  thirty-eight  uremic  patients  they  found  a  blood  indican 
of  from  3.7  to  6.0  mg.  j>cr  100  c.c.  They  did  not  ascribe  any  etiologic 
role  to  indicanemia,  but  considered  it  a  delicate  indicator  of  retention. 
Tschertkoflf,^"  in  1914,  found  indicanemia  in  many  cases  of  nephritis 
without  uremia.  Haas,-"  in  1914,  using  better  methods,  determined 
0.045  mg.  per  100  c.c.  as  the  amount  of  indican  in  the  blood  of  normal 
individuals,  from  0.06  to  0.145  mg.  occurring  in  gastro-intestinal  affec- 
tions, from  0.2  to  2.7  mg.  in  nephritis  with  definite  "renal  insufficiency." 
Indican  was  increased  long  before  the  nonprotein  nitrogen  and  was  a 
better  indicator  of  impending  "renal  insufficiency"  than  either  the 
nonprotein  nitrogen  or  urea  nitrogen — a  value  of  0.180  mg.  being  a 
very  suggestive  sign  of  impending  trouble.  However,  injection  of 
large  doses  of  indican  into  dogs  .and  man — up  to  40  mg. — proved 
perfectly  harmless,  as  might  be  expected. 

It  was  early  discovered  that  in  the  late  stages  of  renal  diseases 
rhere  occurs  a  state  of  acidosis,  or  decreased  alkali  reserve  of  the 
blood.  Jaksch,-  in  1900,  found  a  decreased  alkalinity  of  the  blood  in 
uremia.  Orlowsky,^  1902,  found  a  similar  change  in  dogs  with  both 
ureters  ligated.  This  was  considered  as  simply  another  evidence  of 
retention.  Straub  and  Schlayer  ^^  believed  acidosis  to  be  an  important 
factor  in  the  production  of  uremia,  for  they  obtained  an  alveolar 
carbon  dioxid  tension  of  less  than  35  mm.  Hg.,  in  eight  cases  of 
uremia.  No  acetone  bodies  were  found.  Peabody,^^  in  1915,  found 
an  acidosis — determined  by  the  bicarbonate  tolerance  method  of  Sell- 
ards —  in  advanced  cases  of  chronic  nephritis ;  in  very  advanced  cases 
the  alveolar  carbon  dioxid  partial"  tension  fell.  This  acidosis  was 
secondary  to  retention,  and  very  constant  in  uremia.  In  only  a  few 
cases,  however,  did  it  cause  a  definite  air-hunger  or  other  symptoms. 
Sellards  ^-  had  previously  obtained  very  similar  findings.  Somewhat 
at  variance  with  other  investigators,  Fischer,^-*  in  1912,  went  as  far 
as  to  call  acidosis  the  cause  of  nephritis.  In  1916,  Marriott  and  How- 
land,^*  following  the  finding  by  Greenwald  of  increased  total  phos- 
phorus in  the  serum  of  nephritics,  reported  fourteen  cases  of  chronic 
nephritis  and  thirty-five  normal  people  on  whom  blood  studies  had 
been  made  regarding  the  nonprotein  nitrogen,  urea  nitrogen,  inorganic 
phosphorus,  calcium  and  magnesium.  In  normal  people,  the  total 
inorganic  phosphorus  was  usually  less  than  2  mg.  per  100  c.c;   in 
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chronic  nephritis  without  acidosis,  it  was  from  2.7  to  5.5  mg. ;  in 
chronic  nephritis  with  acidosis,  it  ranged  from  8  to  23  mg.  They  con- 
cluded that  acidosis  in  nephritis  w'as  due  to  retention  of  acid  phosphates 
— a  condition  not  found  in  diabetic  acidosis.  The  rather  low  calcium 
content  found  might  be  related  to  the  convulsions  and  hemorrhages 
of  uremia ;  the  increased  phosphorus  probably  caused  an  increased 
excretion  of  calcium  phosphate  into  the  intestine. 

As  regards  other  changes  in  the  blood,  than  those  described  above, 
Gabbi  -  described  an  increased  serum  globulin  in  rabbits  and  dogs 
with  both  ureters  ligated.  Recently,  in  1916,  Butterfield  and  others  ^■' 
studied  the  blood  of  normal  people  and  those  with  cardiac  and  renal 
decompensation  and  edema,  uremia  and  hypertension,  for  the  A,  refrac- 
tive index,  specific  gravity,  dry  residue  and  protein  content.  In  chronic 
nephritis  wnth  uremia,  A  was  from  0.61  to  0.76  degrees — quite  high 
as  compared  with  the  normal  A — 0.57;  the  dry  residue  was  increased, 
and  especially  the  total  protein  content,  i.  e.,  the  serum  was  con- 
centrated. When  edema  was  also  present,  all  the  findings  but  A  were 
lowered,  due  to  dilution.  Cases  of  cardiac  decompensation  with  edema 
showed  normal  values.  Rowe,^^  in  1917  found,  in  chronic  nephritis 
with  edema,  the  lowest  values  for  total  serum  proteins  of  those  found 
in  any  disease ;  however,  the  globulin  was  increased.  Bienenstock  and 
Csaki,*^"  in  1917,  made  an  extensive  series  of  observations  on  the 
physicochemical  changes  in  the  blood  of  dogs  in  whom  both  ureters 
were  ligated  or  both  kidneys  removed.  A  was  increased  in  all  cases, 
up  to  0.771  degrees ;  the  electrical  conductivity  of  the  serum  was 
decreased ;  the  organic  molecules  were  increased,  the  serum  ash  was 
increased;  the  fluidity  of  the  blood  varied,  as  also  the  viscosity,  sur- 
face tension  and  total  solids.  The  carbon  dioxid  in  the  scrum  was 
decreased,  but  markedly  increased  in  the  red  blood  corpuscles.  The 
H-ion  concentration  of  the  serum  rose— due  to  undetermined  organic 
acids. 

Two  suggestive  studies  have  been  made  on  the  presence  of  some 
very  toxic  substance  in  the  blood  or  urine.  l'\)ster,-'^  in  1915.  isolated 
a  toxic  base  from  the  blood  of  seven  uremic  patients — not  found  in 
twelve  controls — which  caused  death  in  guinea-pigs,  ])rece(le(l  by 
dyspnea,  twitchings,  convulsions,  coma  and  subnormal  temperature. 
At  the  necroj)sy,  there  were  found  hyperemia  of  the  brain  and  kidneys. 
I  lartman,'''  in  1915,  isolated  an  organic  comixjund.  C„ll^().  which  he 
called  "urinod,"  obtainable  from  urine,  from   1   to  2  ])arts  in   100,000. 
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Urinod  was  very  toxic,  producing  symptoms  very  much  like  those  of 
uremia,  and  having  the  typical  ''urinous"  odor  of  a  uremic  patient's 
breath.  The  symptoms  reproduced  in  man  and  animals  were  chiefly 
of  the  nervous  type. 

The  clinical  classification  of  uremia  has  varied  from  time  to  time  as 
new  facts  were  established  and  old  ones  confirmed  or  disproved.  Thus, 
Widal,*'  in  1912,  described  two  chief  types  of  uremic  syndromes — the 
"chloruremic"  variety,  associated  with  retention  of  sodium  chlorid  and 
with  symptoms  of  edema,  diarrhea,  vomiting,  coma,  Cheyne-Stokes 
breathing,  delirium,  convulsions  and  amblyopia;  and  the  "azotemic" 
type  in  which  nonprotein  nitrogen  retention  was  marked,  with  gastro- 
intestinal disturbances — anorexia,  vomiting,  ulcerative  stomatitis  and 
colitis,  pericarditis,  albuminuric  retinitis,  stupor  and  torpor — with 
mixed  pictures  resulting  from  the  predominance  of  urinary,  vascular 
or  cardiac  syndromes. 

Reiss,*^  in  1914,  in  an  excellent  review  of  the  subject,  attempted 
to  classify  uremia  on  a  symptomatic  basis,  and  gave  three  main  types — 
the  "asthenic  uremia,"  in  which  predominating  symptoms  were  drowsi- 
ness, fatigue,  apathy,  indifference,  physical  weakness,  marked  non- 
protein nitrogen  retention,  and  death,  usually  from  rather  sudden 
cardiac  failure;  the  "convulsive  or  epileptiform"  type,  in  which  con- 
vulsions, unconsciousness,  a  high  blood  pressure,  with  little  or  no 
disturbances  in  the  urinary  secretion  and  practically  no  nitrogenous 
retention  were  characteristic  symptoms;  the  "psychotic  uremia,"  in 
which  psychic  symptoms,  such  as  dementia,  hallucinations,  delusional 
insanity,  deep  coma  and  muscle  twitchings,  occurred,  with  nonprotein 
nitrogen  not  necessarily  increased,  but  with  evidence  of  cerebral  arterio- 
sclerosis in  the  majority  of  cases;  and,  finally,  a  mixed  group  in  which 
asthenic  and  convulsive  features  were  combined — by  far  the  largest 
clinical  group.  In  the  asthenic  variety  alone  were  nonprotein  nitrogen 
and  sodium  chlorid  retention  marked  and  characteristic.  Reiss  believed 
that  the  nonprotein  nitrogen  retention  was  the  cause  of  asthenic  uremia. 
In  the  other  types,  it  could  be  stated  definitely  that  the  toxic  substances 
did  not  arise  from  disturbances  in  the  urinary  tract,  but  were  metabolic 
in  origin. 

Strauss,*^  in  1915,  reserved  the  term  "true  uremia"  for  cases  with 
definite  retention — nonprotein  nitrogen,  150  mg.  or  more.  All  the  other 
forms,  including  the  convulsive  and  arteriosclerotic  types,  he  grouped 
under  "pseudo-uremia" — with  nonprotein  nitrogen  below  70  mg.  Most 
authors  now  agree  in  recognizing  at  least  two  types  of  uremia — the 


40.  Widal:    Presse  med.  20:973,   1912. 

41.  Reiss:    Ztschr.  f.  klin.  Med.  80:97,  1914. 

42.  Strauss:    Berl.  klin.  Wchnschr.  52:368,   1915. 


11 

asthenic  and  the  toxic.  Heim  and  Tchertkoit,'*^  in  1918,  described 
three  types — one  due  to  chlorid  retention,  a  ''true  uremia"  due  to  urea 
retention,  and  *'pseudo-uremia" — the  latter  associated  with  general 
arteriosclerosis,  and  no  retention,  usually  found  after  40  years  of  age. 

The  finding  of  increased  nonprotein  nitrogen  in  the  blood  of  uremic 
patients,  and  the  fact  that  from  30  to  90  per  cent,  of  this  nitrogen  was 
urea  nitrogen,  naturally  led  to  the  thought  that  urea  was  toxic.  Experi- 
mentally, it  was  shown  that  double  nej^hrectomy  or  ligation  of  the 
ureters  produced  a  rise  in  blood  urea.  Thus,  Herter  and  W'akeman,^^ 
in  1899,  removed  both  kidneys  in  the  dog,  with  resulting  suljnormal 
temperature,  anorexia,  drowsiness,  vomiting  and  diarrhea,  and  death 
in  from  twenty-two  to  eighty-two  hours.  Ligation  of  both  ureters 
gave  similar  results.  In  twenty-eight  normal  dogs,  the  blood  urea  was 
Z7  mg.  (average)  ;  in  eighteen  nephrectomizcd  animals,  it  was  as  high 
as  315  mg.  (average),  and  307  mg.  in  animals  with  both  ureters  ligated. 
There  were  also  an  increase  in  the  total  proteins  of  the  l)loo(l.  and  in  the 
total  phosphorus.  The  tissues,  in  general,  contained  from  four  to  five 
times  the  normal  percentage  of  nitrogen — probably  urea.  It  might  be 
said  that  earlier  work  on  the  subject  is  open  to  criticism  because  of 
the  great  inaccuracy  of  the  analytical  methods  in  vogue. 

In  1914,  some  definite  work  on  the  toxicity  of  urea  was  done  by 
Marshall  and  Davis,'*"'  using  accurate  but  simple  methods.  \'auquelin 
and  Segales,  in  1822,  were  the  first  to  record  intravenous  injections  of 
urea  in  animals.  They  used  small  amounts  and  obtained  negative 
results.  Hammond,  in  1858,  interfered  with  the  kidneys  while  inject- 
ing, and  found  the  injections  fatal.  Grehant  and  Quinquard,  in  18S4, 
determined  600  mg.  per  100  c.c.  blood  as  the  lethal  dose  for  dogs. 
Herter  and  Wakeman,  in  1899,  caused  the  death  of  normal  dogs  by 
using  concentrated  urea  solutions;  urea  to  the  extent  of  1  ])er  cent,  of 
the  body  weight  had  to  be  injected  to  produce  fatal  efiVcts.  Marshall 
and  Davis  studied  the  distribution  of  injected  urea,  in  the  blood,  urine. 
bile,  spinal  fluid  and  tissues.  In  normal  dogs,  the  blood  lU'ca  was  from 
21  to  29  mg.  per  100  c.c,  while  the  urea  content  of  other  body  tluids 
and  tissues  was  very  similar  to  these  iigures,  excejtt  in  the  ca>e  of  fat, 
which  was  poor  in  urea,  and  the  lu-inary  tract,  which  was  obviously 
rich  in  urea. 

By  injecting  increasing  doses  of  urea,  in  concentrated  solutions, 
into  dogs  on  successive  days  they  ])ro(luce(l,  in  the  ordi'r  named,  loss  of 
appetite,  vomiting  and  restlessness,  conxulsions,  coma  and  (lys])nea,  and 
death — the  latter  occurring  when  the  amoinit  injected  reached  1  ]>cr 
cent,  of  the  body  weight,  e.  g.,  2?  gni.   in   a  2.7  kg.   dog       The  urea 
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injected  was  excreted  rapidly,  and  what  remained  was  fairly  evenly 
distributed  in  the  blood  and  tissues  of  the  body — as  one  would  expect 
from  the  ready  difFusibility  of  urea.  There  was  no  evidence  that  any 
of  the  urea  was  changed  into  other  compounds. 

In  some  animals  one  ureter  was  ligated,  and  it  was  found  that,  after 
a  short  time,  the  remaining  functioning  kidney  could  take  care  of  as 
much  urea  as  both  kidneys  previous  to  the  operation,  indicating  a  high 
margin  of  safety. 

It  was  shown,  both  by  injecting  single  large  doses  and  repeated 
small  doses  of  urea,  that  the  tissues  took  up  about  90  per  cent,  of  the 
injected  urea  in  a  few  minutes.  Tremors  and  opisthotonic  convulsions 
were  produced  when  large  doses  were  injected.  At  the  necropsy,  the 
brain  was  found  to  be  wet  and  hyperemic. 

Marshall  and  Davis  concluded  that  the  concentration  of  urea  in 
the  blood  did  not  affect  the  ability  of  the  tissues  to  absorb  urea;  that 
the  kidneys  had  an  enormous  power  of  excreting  urea — up  to  40  gm. 
per  liter ;  that  dehydration  retarded  elimination,  and  that,  in  man,  urea 
accumulated  only  slowly  in  the  blood,  owing  to  absorption  by  the  tissues, 
so  that  it  would  take  from  four  to  six  days  of  complete  retention  to  raise 
the  blood  urea  to  200  mg.  Analysis  of  human  tissues,  from  cases  of 
nephritis,  showed  a  high  urea  content,  closely  analogous  to  that  found 
in  the  dogs.  Urea  was  toxic  only  in  large  doses — 1  per  cent,  of  body 
weight — but  produced  symptoms  in  smaller  amounts.  It  was  not  trans- 
formed into  other  compounds, 

As  regards  the  toxicity  of  urea  in  man,  when  urea  is  ingested, 
Hewlett  and  others,^®  in  1916,  carried  out  some  interesting  experiments. 
One  hundred  gm.  of  urea,  in  aqueous  solution,  were  swallowed  in  fif- 
teen minutes,  or  in  divided  doses,  over  a  period  of  from  four  to  six 
hours.  Symptoms  of  headache,  dizziness,  apathy,  drowsiness,  fatigue 
and  inability  to  work  appeared,  and  were  most  marked  when  the  blood 
urea  was  at  its  maximum — from  150  to  160  mg.  per  100  c.c.  There 
were  practically  no  symptoms  between  40  and  150  mg.,  and  symptoms 
always  appeared  after  150  mg.,  persisting  till  the  blood  urea  had  again 
fallen  below  that  level.  Hence,  the  sudden  entrance  of  urea  into  the 
blood  was  not  the  cause.  The  authors  noted  the  analogy  between  the 
symptoms  produced  and  those  seen  in  asthenic  uremia,  or  in  the  later 
stages  of  nephritis  when  retention  occurred. 

Following  a  thorough  review  of  the  literature  on  uremia.  Wells,*' 
in  1920,  was  inclined  to  the  view  that  uremia  was  caused  by  the  reten- 
tion of  the  known  nitrogenous  substances  in  the  blood,  emphasizing 
especially  the  importance  of  the  time  element,  for  the  presence  in  the 
blood  of  a  high  concentration  of  organic  substances,  continuously  main- 
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tained,  was  bound  to  have  deleterious  effects,  especially  when  one 
considered  the  marked  symptoms  following  even  a  very  temporary 
increase  in  nonprotein  nitrogen,  if  200  mg.  or  more.  All  the  pathologic 
findings  pointed  to  a  systemic  intoxication,  and  varying  clinical  pictures 
might  very  readily  be  produced  by  variations  in  the  retention  of  the 
several  known  nitrogenous  constituents.  Experiments  with  the  W'ood- 
yatt  machine  to  determine  the  effects  of  prolonged  intravenous  injec- 
tions of  the  various  purified  urinary  constituents  were  recommended 
as  being  highly  essential  for  further  progress. 

THE    METHODS     OF     EXPERIMENTATION 

Dogs  were  used.  They  were  not  restricted  as  to  food  or  drink,  hijections 
of  urea  were  made  intravenously,  using  a  buret,  rubber  tul)e  and  hypodermic 
needle,  usually  without  cutting  down  on  the  vein — the  external  saphenous  or 
some  superficial  thigh  vein — unless  absolutely  necessary,  and  then  under  local 
anesthesia.  A  SSVs  per  cent,  solution  of  urea  was  always  used,  at  body  tem- 
perature. No  general  anesthetic  was  necessary  since  the  dogs  lay  quietly  on 
the  table,  except  when  convulsions  occurred.  Blood  was  drawn  from  a  leg 
vein,  by  means  of  a  hypodermic  needle  attached  by  short  rubber  tubing  directly 
to  an  Ostwald  pipet,  so  that  suction  could  be  applied.  In  the  first  few  dogs. 
the  urine  was  obtained  by  means  of  a  catheter,  but  later  on,  owing  to  the  dif- 
ficulty of  inserting  a  catheter  without  assistance,  and  because  it  was  not  pos- 
sible always  to  obtain  female  dogs,  the  catheter  was  abandoned,  and  samples 
of  urine  obtained  only  during  urination  and  at  necropsy.  Xo  attempt  was 
made  to  collect  twenty-four  hour  samples  of  urine. 

The  injections  were  usually  continuous,  except  for  the  time  it  took  to  fill  a 
50  c.c.  buret,  and  were  continued  until  the  twitchings  or  convulsive  movements 
of  the  animal  made  injection  difficult.  Symptoms  were  noted  carefully,  at 
varying  intervals.  Necropsy  was  performed  on  all  the  dogs  within  a  few 
hours  after  death,  and  samples  of  heart's  l)loo(l.  urine,  bile,  gastric  or  intes- 
tinal contents,  taken  for  analysis.  The  viscera  and  the  brain  and  spinal  cord 
were  examined  in  a  routine  manner  and  hematoxylin  and  eosin  celloidin  sec- 
tions, as  well  as  frozen  sections   for  fat  stains,  were  made. 

In  cases  in  which  operative  procedures  were  necessary — in  ligating  the 
ureters — strict  aseptic  precautions  were  (»bserve(l  and  the  anesthetic,  other, 
was  administered  by  an  assistant.  A  midline  abdominal  incision  was  employed, 
except  in  one  case. 

The  urea  in  the  blood  was  determined  by  mixing  the  drawn  blood  with 
1  c.c.  5  per  cent,  sodium  citrate  and  diluting,  or  not.  with  distilled  water,  if 
necessary,  so  as  to  give  from  1  to  3  mg.  of  urea  in  5  c.c.  of  the  mixture  or 
whole  blood.  In  a  large  test  tube,  5  c.c.  of  whole  or  diluted  blood  were  placed. 
5  c.c.  of  water  added,  1  c.c.  of  10  i)er  cent,  urease  solution  (freshly  prepared 
from  "Arlco"  urease)  and  a  few  c.c.  of  i)arafiin  oil  (later  a  few  drops  of 
caprylic  alcohol  were  substituted),  and  allowed  to  stand  at  room  temperature 
for  at  least  30  miiuitcs.  This  tube  was  comiected  with  another  tube  contain- 
ing from  15  to  25  c.c.  of  hundredth  normal  hydrochloric  acid,  some  1  per  cent, 
solution  of  sodium  alizarin  sulphonate.  and  i^araffin  oil  as  above — the  set  of 
two  tubes  constituting  part  of  a  complete  aeration  apparatus,  with  a  water 
suction  pump  to  create  a  negative  |)rcssurc.  Usually,  several  sets  of  tubes 
were  run  in  series.  .After  standing  thirty  mimites.  suction  for  a  minute  or 
two  was  carried  out  to  get  any  free  ammonia  vapor  into  the  acid  tube;  then 
10  c.c.  of  a  50  per  cent,  suspension  of  anhydrous,  fincly-powdcrcfl  sodium  car- 
bonate were  introduced  into  the  tube  containing  the  Huid  \n  be  analy/cd.  and 
suction  carried  otit  for  at  least  thirty  mintJtes.  at  first  a  slow  current  f<»r  from 
two  to  three  miiuitcs  and  then  a  gradually  increasing  current  until  the  maximum 
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aeration  was  obtained.  Titration  of  the  acid  tube  with  hundredth  normal 
sodium  hydroxid  and  sodium  alizarin  sulphonate,  as  indicator,  was  done,  and 
the  urea  readily  estimated. 

For  urine,  the  ammonia  content  was  first  determined  by  simply  adding 
10  c.c.  of  a  15  per  cent,  potassium  carbonate  and  15  per  cent,  potassium  oxalate 
mixture  to  1  c.c.  of  urine,  and  aerating.  The  ammonia  nitrogen  was  subtracted 
from  that  found  in  the  estimation  of  urea.  Urine  was  usually  diluted  1 :  100, 
and  so  also  bile  and  other  body  fluids,  before  determining  the  urea  content. 

Experiments  with  known  solutions  of  urea  were  carried  out  until  accurate 
results  were  obtained  with  the  urease  and  titration  method.  Controls  were, 
of  course,  run  on  the  blood  and  other  fluids  for  ammonia  nitrogen  not  derived 
from  urea,  and  all  the  reagents  were  carefully  controlled,  so  that  the  figures 
given  below  represent  the  completely  corrected  figures.  Urea  was  usually 
^  injected  at  the  rate  of  2  gm.  per  minute. 

RESULTS 

Owing  to  lack  of  space,  the  protocols  of  only  a  few  of  the  experi- 
ments in  each  series  are  given  in  detail,  while  the  remainder  are 
abbreviated  so  as  to  include  only  the  essential  features  of  each  experi- 
ment and  any  points  of  difference  in  the  results  of  the  various  experi- 
ments carried  out. 

April  11,  1920. — Dog  1,  brown  female,  9.5  kg.,  received  30  gm.  urea  intra- 
venously; vomited  a  few  times.  Blood  urea  rose  from  20.7  mg.  per  100  c.c.  to 
348.3  mg.     No  after-efifects  were  noticed. 

April  11,  1920. — Dog  2,  white  female,  16.3  kg.,  showed  no  symptoms  during 
or  after  the  injection  of  20  gm.  urea,  while  the  blood  urea  rose  from  24.6  mg. 
to  161.4  mg.  per  100  c.c. 

April  15,  1920. — Dog  2  received  80  gm.  urea.  Nausea  and  salivation  occurred 
after  40  gm.  urea  were  injected;  dyspnea  and  vomiting  after  70  gm.  Blood 
urea  rose  from  22.7  mg.  to  491.4  mg.  Urine  urea  was  1,780  mg.  per  100  c.c. 
at  the  end  of  the  experiment.    The  animal  seemed  well  the  next  morning. 

April  26,  1920. — Dog  2,  white  female,  weighing  16.6  kg. ;  previously  injected. 

4 :  30  p.  m. — Normal  blood  urea,  18.4  mg. ;  temperature  102.2  F. 

4:  50-5:  17  p.  m. — Injected  65.3  gm.  urea  (Merck).  At  20  gm.  dog  was  pant- 
ing markedly  (240  per  minute)  ;  at  40  gm.  salivation,  nausea  and  vomiting, 
with  dyspnea.    Temperature  102.0  F. 

5 :  30  p.  m. — Blood  urea,  536.4  mg. 

5:47-6:  15  p.  m. — Injected  60  gm.  urea. 

5:50  p.  m. — Dog  quiet;  respiration,  14   (per  minute);  heart,  66. 

6:00  p.  m. — Dog  grunting;  respiration,  48;  heart,  102;  temperature,  101.4  F. 

6 :  30  p.  m. — Urine  bloody,  no  casts ;  5,090  mg.  urea  per  100  c.c.  urine. 

6:55-7:15  p.  m. — Injected  11  gm.  urea.     Total  injected  202.3  gm. 

7:01  p.  m. — Dog  dyspneic  (144  resp.)  ;  very  restless  and  irritable. 

7:  15  p.  m. — Blood  urea,  1,812  mg. 

7:25  p.  m. — Generalized  tremors. 

7 :  30  p.  m. — Temperature,  97.2  F. ;  tonic,  then  clonic  convulsions,  affecting 
the  whole  body,  lasting  thirty  minutes;  then  spasmodic  jerking  of  the  head 
and  limbs,  with  paddling  movements  of  the  forelimbs  for  at  least  three  hours. 
Frequent  urination  and  bloody  diarrhea;  the  animal  was  unconscious,  the 
reflexes  exaggerated,  the  breathing  jerky  and  rapid. 

9 :  00  p.  m. — Temperature  below  94  F. 

April  27,  1920. — 8:00  a.  m.  The  dog  still  has  jerky,  opisthotonic  movements 
of  the  head  and  neck,  is  in  deep  coma  with  slow  respiration  and  slow  pulse,  no 
corneal  reflexes,  dilated  pupils. 
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10:00  a.  m. — Similar  condition:  deep  coma;  slow  twitchings.  Died  between 
11  and  12  a.  m. 

1:00  p.  m. — Xecropsy. — The  whole  small  intestine  was  deeply  injected;  the 
mucosa  of  the  stomach  and  small  intestine  was  swollen,  hemorrhagic  and 
necrotic ;  the  colon  hyperemic ;  the  kidneys  large,  tense,  bluish  with  the  cut 
surface  pale  and  swollen,  with  fine  grayish  streaks  in  the  lower  half  of  the 
cortex,  the  medulla  glistening;  the  heart  with  the  right  ventricle  dilated,  with 
subendocardial  petechiae;  the  lungs  collapsed,  not  crepitating,  slightly  boggy, 
multiple  sulipleural  hemorrhages;  the  liver  dark  and  full  of  blood;  the  gall- 
bladder distended  with  thick  tarry  bile,  the  brain  and  cord  hyperemic  and  wet; 
the  urinary  bladder  empty. 

Histologic  examination  showed  marked  fatty  degeneration  (Sudan  III  frozen 
sections,  hematoxylin  as  counter  stain)  in  the  limbs  of  Henle's  loops  and  in 
the  collecting  tu1)ules,  with  cloudy  swelling  of  the  convoluted  tubules ;  central 
congestion  and  fatty  degeneration  in  the  liver;  hyperemia  of  the  intestinal 
mucosa,  with  mucoid  degeneration  of  the  epithelium  and  marked  edema  of  the 
submucosa;   areas  of  edema   in  the  lungs,  with  subpleural  hemorrhages. 

Heart's  blood  urea  at  necropsy,  1,680  mg. 

Bile  urea  at  necropsy.   1.782  mg. 

April  19,  1920. — Dog  3.  brown  female.  9  kg.,  received  115  gm.  urea  (under 
ether  anesthesia)  and  developed  generalized  tremors,  respiratory  paralysis  and 
death  within  fifteen  minutes  after  the  injection.  Blood  urea  rose  from  21.8  mg. 
to  1,125.6  mg.  The  necropsy  findings  were  similar  to  those  in  Dog  2.  but  with 
hemorrhages  in  the  stomach  alone,  and  no  visible  changes  in  the  liver.  Bile 
urea  at  necropsy  was  1.560  mg.  per  100  c.c. ;  urine  urea,  2.670  mg. 

June  14,  1920.  —  Dog  10,  brown  female,  8.9  kg.,  received  120  gm.  urea. 
Marked  salivation,  restlessness,  tremors,  tonic  and  clonic  convulsions,  opistho- 
tonos, nystagmus,  dyspnea,  diarrhea,  subnormal  temperature,  bloody  urination 
and  death  resulted.  Blood  urea  rose  from  24.2  mg.  to  1.644  mg.  Urine  urea 
rose  to  3,230  mg.  Necropsy  showed  the  usual  findings,  very  similar  to  those  in 
Dogs  2  and  8.     Heart's  blood  urea,  1,702  mg. ;  bile  urea,   1,728  mg. 

April  26,  1920. — Dog  6.  brown  and  black  female,  weighing  13.9  kg. 

4:10  p.  m. — Temperature,  103.4  F. 

5:  15  p.  m. — Normal  blood  urea,  21.5  mg. 

5:40-6:30  p.  m. — Injected   105  gm,  urea   in  toto. 

5:48  p.  m. — After  15  gm.,  dyspnea    (180   per   minute);    heart.    96. 

5:54  p.  m.  —  After  30  gm.,  vomiting  of  yellow  mucus;  respiration,  30; 
heart,  96. 

6:03  p.  m. — After  45  gm.,  visible  peristalsis;   temperature,    101.6  F. 

6:05  p.  m. — After  50  gm.,  salivation  of  a  thick,  viscid,  stringy,  nnicous 
saliva,  with  412.8  mg.  urea. 

6:15  p.  m. — After  70  gm..  deep  labored  breathing  (48  per  minute);  heart. 
180;   rapid  horizontal   nystagmus,   salivation,   marked  prostration. 

6:  18  p.  m. — After  80  gm.,  vertical  nystagmus,  dyspnea,  tremors  of  the  limbs. 

6:23  p.  m. — After  85  gm.,  slight  tremors  of  the  head  and  neck;  tendency  to 
opisthotonos. 

6:25  p.  m. — After  90  gm..  respiration,  144;  dog  almost  chokes  with  thick 
mucus;  stringy  saliva  pours  from  mouth. 

6:30  p.  m. — After   105  gm..  backward  jerkings  of  the  head. 

6:32  p.  m. — Generalized  clonic  convulsions  for  one  minute;  animal  in  coma; 
corneal  reflexes  absent. 

6:34  p.  m. — Clonic  convulsions  for  a  few  seconds;  then  sudden  cessation 
of  heart  beat  and  respiration,  with  death.     Temperature.   104.8  V. 

6:50  p.  m. — I'lood  urea  at  necropsy  f)(»').5  mg. ;  urine  urea.  3,()<)()  mg.  per 
100  c.c;  bile  urea.  1.260  mg. ;  gastric  contents.  1.230  mg.  urea  per  100  c.c; 
intestinal  contents.  7M  mg.  urea    (per   100  c.c). 

Necroj)sy  showed  some  edema  in  the  lungs;  hemorrhages  (submucous)  in 
the  stomach;  hyperemia  of  brain  and  cord;  the  kidneys  large,  tense,  bluish  and 
dry  on  section,  with  grayish,  cortical   streaks. 
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Histologic  examination  showed  marked  fatty  degeneration  in  the  cortical 
rays,  with  cloudy  swelling  of  the  convoluted  tubules  of  the  kidneys;  slight  fatty 
changes  in  the  liver,  and  a  patchy  congestion  and  edema  of  the  lungs. 

May  6,  1920.— Dog  7,  black  female,  weighing  16  kg. 

4:  15  p.  m.— Temperature,  104.8  F. ;  urine,  2,470  mg.  urea  per  100  c.c;  blood 
urea,  23.6  mg. 

4 :  50-5 :  52  p.  m.— Injected  94  gm.  urea.  At  45  gm.,  nausea,  salivation,  dysp- 
nea; at  45  gm.,  vomiting;  at  68  gm.,  much  vomiting;  respiration,  20;  heart,  12\ 
temperature,  101.2  F. 

6:03-6:45  p.  m. — Seventy-nine  gm.  urea  injected.     Total  injected,   173  gm. 

6 :  10  p.  m. — Temperature,  101  F. ;  respiration,  24 ;  heart,  66.  At  136  gm., 
dog's  mouth  full  of  viscid,  foamy  saliva;  jerky  grunting  respiration;  at  170  gm., 
vomiting  and  several  times  thereafter. 

7:25  p.  m. — Blood  urea,  1,452  mg. 

7 :  30  p.  m. — Temperature,  99  F. 

8:30  p.  m. — Temperature,  95.4  F. ;  dog  restless,  dyspneic,  cannot  stand,  in 
stuporous  state;  conscious  only  of  strong  stimuli;  died  between  9  p.  m.  and 
8  a.  m.;  found  very  rigid. 

May  7,  1920,  11  a.  m. — Necropsy  showed  hyperemia  and  hemorrhages  (sub- 
mucous) in  the  small  intestine,  pylorus,  and  the  upper  part  of  the  colon;  the  left 
kidney  large,  flabby,  cyanotic,  with  light  gray  streaks  in  the  cortex;  the  right 
kidney  half  the  size  of  the  left,  with  knobby  surface,  depressed  scars  and 
adherent  capsule,  firm  on  cutting,  with  a  large  white  scar  in  the  pyramids  and 
fibrous  patches  in  the  cortex ;  the  heart  with  subendocardial  hemorrhages  in 
the  right  auricle;  the  lungs  edematous,  especially  in  the  lower  lobes  and  poste- 
riorly, with  bloody  frothy  fluid  in  all  the  bronchi ;  the  brain  and  cord  hyperemic 
and  wet. 

Histologic  examination  showed  marked  fatty  degeneration  in  the  cortical 
rays  with  cloudy  swelling  of  the  convoluted  tubules  of  the  kidney,  scars  of 
chronic  interstitial  nephritis  in  one  kidney  with  hyaline  casts ;  hypostatic  con- 
gestion and  edema  in  the  lungs. 

Blood  urea  at  necropsy,  1,539  mg. ;  urine  urea,  3,870  mg.  per  100  c.c;  bile 
urea,  1,242  mg. ;  intestinal  contents,  1,836  mg.  urea. 

May  17,  1920. — Dog  8,  white  female,  weighing  11.5  kg. 

4:03  p.  m. — Normal  blood  urea,  11.9  mg. 

4:03-5:08  p.  m. — Injected   130  gm.  purified  urea. 

[In  order  to  eliminate  ammonium  salts  as  a  possible  cause  of  the  symp- 
toms, a  quantity  of  urea  (Merck's)  was  purified  by  recrystallization  from  alco- 
hol, so  that  the  solution  of  urea  was  practically  neutral  and  less  than  1  mg. 
ammonia  nitrogen  per  10  gm.  urea  could  be  obtained  on  aeration  of  a  ZZVz 
per  cent,  urea  solution.  Ordinary  urea  contained,  on  the  average,  10  mg.  free 
ammonia  nitrogen  per  10  gm.  urea.] 

4:20  p.  m. — Temperature,  102.  6  F. ;  heart  rate,  96;  respiration,  14.  At  30 
gm.  urea,  salivation ;  at  60  gm.  urea,  nystagmus ;  dog  seems  depressed. 

4 :  40  p.  m. — At  75  gm.  urea,  very  thick  stringy  saliva,  containing  474  mg. 
urea;  the  animal's  head  was  thrown  back  in  opisthotonos. 

4:50  p.  m. — Urea,  90  gm. ;  slow  backward  jerkings  of  the  head. 

4:53  p.  m. — Urea,  97  gm. ;  slight  tremors  of  the  head,  marked  opisthotonos 
and  nystagmus. 

4 :  56  p.  m. — Urea,  102  gm. ;  slight  generalized  tremors,  snapping  movements 
of  the  jaws;  temperature,  102.2  F. 

5:02  p.  m.— Urea,  116  gm.;  marked  generalized  tremors;  increased  reflex 
irritability. 

5:04  p.  m.— Urea,  120  gm.;  heart  rate,  84;  respiration,  20;  shallow.  Coarse 
twitchings  and  marked  opisthotonos. 

5 :  08  p.  m. — Urea,  130  gm. ;  dog  released ;  tries  to  stand,  but  has  clonic  con- 
vulsions and  falls  to  the  floor. 

5 :  10  p.  m. — Convulsions  again ;  the  animal  rolls  his  head  and  body  over  and 
over,  pants  rapidly  for  one  and  one-half  minutes,  then  tremors  appear. 
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5:12  p.  m. — Convulsions  again  for  one-half  minute;  heart  rate,  122;  the 
animal  goes  into  convulsions  on  being  touched;  convulsions  and  opisthotonos 
for  three  minutes  following  the  insertion  of  a  thermometer  into  the  rectum;  then 
sudden  cessation  of  convulsions,  with  marked  panting  respirations  and  flaccid 
extension  of  the  limbs. 

5:20  p.  m. — Temperature,  105.2  F. ;  respiration,  204;  heart.  66  and  weak. 

5:33  p.  m, — Blood  urea,  1,242  mg. ;  dog  breathing  jerkily;  in  constant  tremor 
and  opisthotonos. 

5 :  40  p.  m. — Temperature,  102  F. 

5:50  p.  m. — Respiration,  78;  heart,  66;  temperature,  100.4  F. ;  generalized 
tremors ;  corneal  reflex  now  present. 

6:20  p.  m. — Urinated   150  c.c.  bloody  urine;  3,730  mg.  urea  per   100  c.c. 

6:55  p.  m. — Temperature.  98.4  F.;   respiration,  28;  heart,  66;   tremors. 

7:45  p.  m. — Temperature,  98  F. ;  no  tremors;  animal  in  stupor. 

The  animal  died  between  8  p.  m.  and  8  a.  m.,  Alay  18,  1920. 

May  18,  1920,  1  p.  m. — Necropsy  showed  the  small  intestine  hyperemic,  with 
marked  hyperemia  and  submucous  hemorrhages  in  the  stomach,  duodenum  and 
upper  jejunum;  the  urinary  bladder  empty;  the  kidneys  bluish,  with  injected 
cortical  vessels  and  grayish  streaks  in  the  boundary  zone;  the  liver  pale  and 
grayish  on  section ;  the  heart  with  subendocardial  hemorrhages  in  the  left 
ventricle;  the  lungs  with  marked  congestion  and  edema,  and  extensive  petechial 
and  purpuric  extravasations  under  the  pleura;  the  brain  and  spinal  cord 
hyperemic. 

Histologic  examination  showed  very  marked  fatty  degeneration  in  the  cor- 
tical rays,  with  cloudy  swelling  of  the  convoluted  tubules  of  the  kidney;  some 
peripheral  fatty  changes  in  the  liver;  hypostatic  congestion  and  eclema  of 
the  lungs. 

Heart's  blood  urea  at  necropsy,  1,155  mg. ;  bile  urea,  978  mg. 

May  20,  1920. — Dog  9,  brown  female,  10.7  kg.,  with  large  goiter,  received 
118  gm.  repurified  urea  and  developed  nystagmus,  generalized  twitchings.  clonic 
convulsions,  opisthotonos,  dyspnea,  bloody  diarrhea,  stupor,  subnormal  tem- 
perature, death;  very  similar  to  the  picture  described  in  Dog  8.  Blood  urea 
rose  from  20.2  to  1,776  mg.  Urine  urea  was  3,010  mg.  at  the  end  of  the  injec- 
tion. Necropsy  findings  were  similar  to  those  in  Dog  8.  but  with  less  marked 
lung  involvement,  fatty  changes  in  the  central  parts  of  the  liver  lobules,  and 
marked  nodular  and  cystic  goiter. 

Heart's  blood  urea,  1,362  mg. ;  gastric  contents'  urea,  1,923  mg. ;  bile  urea. 
1,422  mg. 

May  16,  1920. — Dog  5.  black  female,  weighing  12.5  kg.;  normal  blood  urea, 
18.5  mg.  The  right  ureter  was  doubly  ligated,  under  ether  anesthesia.  Blood 
urea  after  operation,  22.5  mg. 

May  24. — Blood  urea,  21.3  mg. ;  the  wounJ  is  superficially  infected,  the 
stitches  loose;  some  were  removed.     The  dog  weighs  11.15  kg. 

May  30. — Dog  weighs  11.9  kg.;  wound  granulating  well.  BU)o(l  urea. 
17.2  mg. 

4:30  p.  m. — Respiration,  24;  heart.   126;  temperature,   103  1'". 

4:40-5:25  p.  m. — Urea.  87  gm.   (Daigger),  injected. 

4 :  55  p.  m.— At  30  gm.,    respiration.    24;    heart,    104;    temiierature.    102.8    V. 

5 :  00  p.  m. — At  40  gm..  signs  of  nausea. 

5:07  p.  m. — At  55  gm..   inefTectual    atteini)ts    at    vcmiting. 

5:15  p.  m.— At  70  gm..  respiration.  Zi^:   heart.    100;  temperature.   102.8  V. 

5  :  18  p.  m. — A{  75  gm.,  tremors  of  the  head  and  forelimbs  ;  backward  throw- 
ing of  the  head. 

5:25  p.  m. — .\t  87  gni..  sudden  voinitinu.  with  tonic  and  clonic  convulsions, 
opisthotonos,  nystagmus;  urinated  75  c.c.  i)alc  cloudy  urine,  containing  1.690 
mg.  urea  per  100  c.c.  The  animal  tries  to  get  up.  and  keeps  rolling  his  head 
over  and  over;  paddling  movepietits  of  the  limbs. 
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5 :  33  p.  m.— Convulsions  cease  for  a  few  seconds,  but  begin  again,  lasting 
two  minutes. 

5:46  p.  m.— Respiration  stopped  suddenly. 
5:48  p.  m.— Heart  stopped  beating. 

6:15  p.  m. — Necropsy  showed  the  laparotomy  wound  to  be  clean  on  the 
peritoneal  surface  with  a  few  adhesions;  the  distal  end  of  the  right  (ligated) 
ureter  was  adherent  to  the  small  intestine;  the  proximal  end  dilated  (1  cm.) 
and  the  pelvis  much  distended  with  pale,  yellowish  fluid  so  that  the  right  kidney 
is  twice  the  normal  size,  showing  hemorrhagic  necrotic  areas  in  the  medulla. 
Many  white  streaks  in  the  cortex  extending  to  the  capsule  as  small  solid  pin- 
head  sized  projections;  capsule  not  adherent;  the  left  kidney  somewhat  enlarged, 
cyanotic,  with  light  lower  zone  in  the  cortex ;  the  lungs  entirely  collapsed ;  a 
few  hemorrhagic  areas  in  the  pylorus  and  duodenum;  the  liver  dark  and  full 
of  blood;  the  brain  and  cord  hyperemic. 

Heart's  blood  urea,  978  mg. ;  bile  urea,  1,185  mg. 

Histologic  examination  showed  fatty  degeneration  in  the  limbs  of  Henle's 
loops,  cloudy  swelling  in  the  convoluted  tubules  of  the  left  kidney,  with  the 
tubules  dilated  and  containing  protein  material;  hemorrhages  and  necrotic 
areas,  and  evidences  of  an  ascending  suppurative  pyelonephritis  in  the  right 
kidney;  some  fatty  changes  in  the  liver. 

May  n,  1920. — Dog  4,  white  female.  12.8  kg.,  had  the  right  ureter  ligated. 
Blood  urea  rose  from  20.8  to  23.8  mg. ; 

June  3. — Sixty-three  gm.  urea  were  injected,  causing  nausea,  generalized 
tremors,  tonic  and  clonic  convulsions,  nystagmus,  dyspnea,  diarrhea  and  stupor, 
from  which  the  animal  recovered,  markedly  depressed.  Blood  urea  rose  from 
27.8  to  1,110  mg.     Urine  urea  was  1,900  mg.  at  the  end  of  the  injection. 

June  4. — The  dog  is  depressed.     Blood  urea,  265.5  mg. 

June  10. — Seventy-four  gm.  urea  were  injected,  causing  a  picture  similar 
to  that  noted  June  3,  with,  again,  recovery  of  the  animal.  However,  the 
convulsions  were  much  milder  than  previously.  Blood  urea  rose  from  20.1 
mg.  to  933  mg.     Urine  urea  was  2,040  mg. 

June  11. — The  dog  seems  well.     Blood  urea,  106.8  mg. 

June  14. — Blood  urea,  13  mg. 

June  26. — Blood  urea,  24.7  mg.  The  left  ureter  was  ligated,  the  bowel  being 
perforated  accidentally.  Blood  urea  rose  to  272.4  mg.  The  dog  was  much 
depressed  and  vomited  frequently,  dying  on  the  third  day.  Necropsy  showed 
a  suppurative  peritonitis,  pyohydronephrosis  on  the  right  side,  some  hydro- 
nephrosis on  the  left  side  with  necrosis  of  the  kidney  tissue,  hypostatic  con- 
gestion and  edema  of  the  lungs.  Heart's  blood  urea,  356.7  mg. ;  bile  urea, 
369.3  mg. ;  gastric  contents'  urea  448.2  mg. 

July  26,  1920. — Dog  14,  brown  female  weighing  13.2  kg.;  blood  urea,  18.8 
mg.    The  left  ureter  was  ligated.     Blood  urea  after  operation,  30.6  mg. 

July  31,  2:10  p.  m. — Blood  urea,  19.9  mg. ;  some  wound  infection;  respira- 
tion, 36;  heart,  150;  temperature,   106.4  F. 

2:15-2:53  p.  m. — Injected  urea.  75  gm. 

2:30  p.  m.— At  30  gm.,  respiration,  36;  heart,  168;  temperature,  105.8  F. 

2 :  43  p.  m. — At  56  gm.,  some  nystagmus. 

2:  53  p.  m. — At  75  gm.,  respiration,  36;  heart,  36;  temperature,  104.8  F.  Some 
retraction  of  the  head. 

2:55-3:  10  p.  m. — Injected  30  gm.  urea.     Total  injected.  105  gm. 

3:02  p.  m. — Increased  irritability;  nystagmus,  contracted  pupils,  slight 
tremors  of  the  head  and  neck,  with  twitchings  of  the  forelimbs. 

3 :  07  p.  m. — Coarse  twitchings  of  the  head  and  neck,  with  opisthotonos. 

3:08  p.  m. — Tonic  convulsions  of  the  head,  neck  and  forelimbs. 

3 :  10  p.  m. — More  marked  tonic  convulsions,  flexion  of  the  head,  bulging 
dilated  eyes ;  the  animal  tri,es  to  stand. 

3:15  p.  m. — Generalized  tonic  convulsions. 
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3:14  p.  m. — Opisthotonos,  paddling  movements,  clonic  convulsions,  alternate 
flexion  and  retraction  of  the  head. 

3:17  p.  m. — Convulsions  continue;   the   animal   defecates. 

3:18  p.m. — Marked  clonic  convulsions,  with  opisthotonos,  rolling  move- 
ments, dyspnea  with  puffing  out  of  the  cheeks,  diarrhea — lasting  for  two  minutes. 

3  :  26  p.  m. — Paddling  movements  ;  opisthotonos. 

3 :  30  p.  m. — The  animal  is  much  quieter,  but  still  has  coarse  tremors  (^f  the 
head  and  neck,  with  occasional  paddling  movements. 
'3:40  p.  m. — Blood  urea,   1.096  mg. 

3:50  p.  m. — The  animal  is  panting;  has  much  thick,  mucus  saliva:  marked 
tenesmus   and   diarrhea. 

8:00  p.  m. — Animal  is  very  much  depressed  and  in  a  drowsy  state. 

August  1,  9:00  a.  m. — Dog  found  dead. 

Necropsy  showed  some  omental  adhesions  around  the  wound :  subserous 
hemorrhages  in  the  small  intestine,  with  submucous  hemorrhages  in  the  stomach 
and  duodenum,  and  marked  hyperemia  and  edema  of  the  rugae  of  the  colon  : 
the  left  kidney  one  and  one-half  times  larger  than  the  right,  very  soft,  with 
numerous  clusters  of  yellowish  pinpoint  areas  on  the  surface  of  the  kidney, 
alternating  with  red  raised  areas,  marked  hemorrhages  in  the  pyramids  and 
cortex,  with  yellow  streaks  in  the  cortex  and  necrotic  grayish  areas  in  the 
medulla;  the  right  kidney  slightly  enlarged,  having  a  boiled  appearance,  with 
grayish  streaks  in  the  lower  half  of  the  cortex;  the  liver  pale,  with  darker  cen- 
ters; the  lungs  collapsed  and  airless,  with  little  fluid,  not  much  subplcural  hem- 
orrhage ;  the  brain  and  cord  unchanged. 

Histologic  examination  showed,  in  one  kidney,  the  usual  cK)U(ly  swelling  and 
fatty  degeneration;  in  the  other  kidney,  an  ascending  suppurative  process  with 
hemorrhagic  infarcts,  necrosis  and  hemorrhage  in  the  medulla  and  masses  of 
organisms;  some  fragmentation  of  the  myocardium;  necrosis  of  the  mucosa 
of  the  colon,  with  marked  submucous  edema;  subpleural  hemorrhages  in  the 
lung.  Heart's  blood  urea.  1,224  mg. ;  bile  urea,  1.263  mg. ;  gastric  contents' 
urea.  1,863  mg. 

July  29,  1920.^Dog  15,  black  and  white  female,  6.7  kg.,  had  the  right  ureter 
ligated.     Blood  urea   rose   from  23.2  mg.   before,  to   29.1   mg.   after,   operation. 

August  5.  —  Blood  urea.  30.6  mg. ;  75  gm.  urea  were  injected,  producing 
tremors,  tonic  and  clonic  convulsions,  dyspnea,  nystagmus,  depressiini  and  death 
within  sixteen  hours.  Blood  urea  rose  to  1,275  mg. ;  urine  urea  to  1.730  mg. 
Necropsy  showed  the  usual  fatty  changes  in  the  kidneys,  with  necrosis  oi  tlie 
convoluted  tubules  in  one  kidney,  hemorrhages  in  the  intestine,  and  some  ]mi1- 
monary  congestion  and  edema.  Bile  urea.  1.659  mg. :  gastric  content>'  ure:i. 
1,768  mg. 

June  23.  1920.— Dog  11.  white  and  brown  female.  6.2  kg.,  had  both  nnters 
ligated  and  cut.  The  dog  lived  less  than  thirtx-six  hours,  sliowinij  dyspne.i  and 
depression.  Blood  urea  rose  from  22.6  tug.  to  123  niu.  Necropsy  showed 
yellowish  streaks  and  hemorrhagic  areas  in  both  kidncxs.  beiuorrh.i^es  and  a 
patch  of  bronchopneumonia  in  the  lungs;  microscopically,  fatty  changes  in  the 
liver  and  kidneys,  with  necrosis  of  the  convoluted  tubules.  Heart's  blond  ure.i. 
243  mg. ;  urine  (in  pelvis)  urea,  (iY)  mj^. :  bile  urea.  27.^  mv..:  u.istric  contents' 
urea,  350  mg. 

June   30.    1920.— Dog    12.   white   female.   weiKhing   ().\    kg. 

7:. 30  p.  m.— Blood  urea,  29.5  mg.  P.otli  ureters  were  litiated  and  cut;  the 
dog  vomited  after  the  operation. 

9:. 30  J),  m. — Blood  urea,  32.6  mg. 

July  1.  2:30  p.  m.— The  animal  seems  to  br  in  good  condition.  Tempera- 
ture. 102.4  F.     Blood  urea,  92  mg. 

July  2.  9:00  a.  m. — The  dog  is  in  fair  condition,  but  eats  very  little  Tcju- 
perature  101.6  F.     Blood  urea.  198.7  mg. 
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July  3.  10:00  a.  m.— The  animal  is  depressed  and  drowsy.  Temperature, 
100  F.     Blood  urea.  234.7  mg. 

8:00  p.  m.— The  animal  is  very  much  depressed  and  drowsy.  Temperature, 
99.6  F.     Blood  urea,  366.9  mg. 

10 :  30  p.  m.— The  animal  is  lying  down  in  the  cage,  apparently  in  very 
poor  spirits. 

July  4.  9  a.  m. — The  dog  is  very  depressed  and  unresponsive.  Temperature, 
100  F.    Blood  urea,  432.3  mg. 

July  5,  9:00  a.  m. — The  dog  was  found  dead. 

Necropsy  showed  some  stitch  abscesses  in  the  laparotomy  wound,  but  with 
the  peritoneal  surfaces  perfectly  clean;  both  kidneys  slightly  enlarged,  the 
capsules  strip  readily,  the  medulla  pale,  with  the  cortex  showing  grayish- 
yellow  streaks  in  its  lower  half  and,  in  one  kidney,  a  few  small  hemorrhages; 
both  kidneys  of  a  brown  color;  the  liver  dark  and  bloody  on  section,  with 
the  centers  of  the  lobules  very  dark  in  color;  the  stomach  and  the  upper  part 
of  the  small  intestine  with  circumscribed  areas  of  necrosis ;  the  lungs  col- 
lapsed anteriorly,  with  boggy  purplish  areas  posteriorly  and  subpleural  hem- 
orrhages in  some  of  the  lobes ;  the  brain  and  cord  unchanged. 

.Histologically,  the  kidneys  showed  granular  degeneration  and  necrosis  of 
the  convoluted  tubules,  with  abscesses  in  some  areas,  hemorrhage,  albumin 
precipitate  in  the  glomerular  spaces,  fatty  degeneration  of  the  cortical  ray 
tubules,  and  dilatation  of  some  of  the  convoluted  tubules;  the  intestine  and 
stomach  showed  areas  of  necrosis  of  the  villi  and  glands,  respectively,  with 
some  submucous  edema ;  the  liver  showed  some  central  congestion,  while  in 
the  lungs,  hypostatic  congestion,  edema,  and  areas  of  subpleural  hemorrhage 
were  seen.  Heart's  blood  urea,  329.1  mg. ;  urine  (from  pelvis)  urea,  605  mg. ; 
gastric  contents'  urea,  606.9  mg. ;  bile  urea,  469.5  mg. 

July  7-8,  1920. — Dog  13,  yellow  and  white  female,  6.5  kg.,  had  both  ureters 
ligated  and  cut.  The  animal  became  much  depressed  and  died  within  eighty- 
four  hours.  Blood  urea  rose  gradually  from  26.9  mg.  to  415.5  mg.  Necropsy 
showed  the  usual  fatty  changes  and  hemorrhages  in  the  kidneys,  some  hemor- 
rhage in  the  duodenum,  congestion  and  edema  of  the  lungs.  Heart's  blood 
urea,  502.8  mg. ;  bile  urea,  538.5  mg. ;  gastric  contents'  urea,  626  mg. ;  urine 
(in  pelvis)   urea,  780.8  mg. 

SUMMARY 

1.  A  series  of  three  experiments  was  carried  out  on  two  dogs, 
demonstrating  the  rapid  diffusion  of  urea  into  the  tissues.  Hence, 
within  only  a  few  minutes  after  the  injection  of  20,  30,  40,  or  80  gm. 
urea,  in  divided  doses  of  from  10  to  15  gm.  at  a  time,  the  blood  urea 
content  was  found  to  be  very  much  what  might  be  expected  from  the 
relationship  between  the  weight  of  the  blood  in  the  body  and  the  weight 
of  the  body  as  a  whole.  Thus,  in  a  dog  weighing  9.5  kg.  the  injection 
of  30  gm.  urea  gave  a  blood  urea  of  348.3  mg.  per  100  c.c. ;  in  a  dog 
weighing  16.3  kg.,  20  gm.  urea  gave  161.4  mg.,  40  gm.  urea  gave  327.3 
mg.,  and  80  gm.  urea  gave  491  mg.  urea  per  100  c.c.  With  the  injection 
of  from  30  to  40  gm.  urea  or  more,  salivation  and  vomiting  were  pro- 
dticed,  but  no  other  effects  of  any  moment. 

2.  A  second  series  of  five  experiments  on  five  dogs  was  carried  out 
to  determine  the  toxicity  of  urea.  The  urea  was  injected  practically 
continuously  at  the  rate  of  2  gm.  urea  (in  33Vji  per  cent,  solution)  per 
minute.     The  average  normal  blood  urea  content  of  all  the  dogs  used 
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was  20.7  mg.  per  100  c.c. — the  extremes  being  11.9  and  29.5  mg., 
respectively. 

In  Dogs  2,  3,  6,  7  and  10,  weighing  16.6,  9.0,  13.9,  16.0  and  8.9  kg., 
respectively,  202.3,  115,  105,  173  and  120  gm.  urea,  respectively,  or,  in 
other  words,  1.2,  1.3,  0.75,  1.1  and  1.3  per  cent.,  respectively,  of  the 
total  body  weight,  an  average  of  1.1  per  cent,  were  required  to  produce 
toxic  symptoms  such  as  generalized  tremors  and  convulsions,  coma  and 
death.  Hence,  in  order  to  produce  serious  symptoms,  leading  to  death, 
one  must  inject,  intravenously,  at  least  1  per  cent,  of  the  dog's  weight 
in  grams  of  urea.  This  confirms  the  results  reported  by  Marshall  and 
Davis. *^ 

In  this  group  of  experiments  there  were  rather  broad  variations  in 
the  symptoms  produced,  but  certain  symptoms  were  almost  uniformly 
present.  Among  the  earliest  and  most  constant  was  salivation — of  a 
thick,  stringy,  mucus  type — appearing  after  from  25  to  50  gm.  urea 
had  been  injected,  and  with  distinct  evidence  of  excretion  of  urea  in 
the  saliva.  Thus,  in  Dog  6,  after  50  gm.  of  urea  had  been  injected,  the 
thick  saliva  contained  412.8  mg.  urea  per  100  c.c;  in  Dog  10,  after 
injection  of  56  gm.  urea,  the  saliva  contained  496.8  mg.  urea  per  100  c.c. 

Vomiting  was  another  constant  symptom,  usually  coming  on  after 
40  gm.  urea,  or  more,  had  been  given.  It  varied  considerably  among 
the  different  dogs,  and  was  usually  productive  of  gastric  contents  and 
some  bile  tinged  mucus.  It  is  interesting  to  note  that  in  the  only  case 
(Dog  7)  in  which  no  convulsions  were  seen,  vomiting  was  a  very 
prominent  symptom,  and  in  this  dog  was  seen  the  only  example  of 
chronic  nephritis,  affecting  only  one  kidney  but  with  very  marked 
fibrosis. 

In  all  the  dogs  of  this  series,  after  a  sufficient  amount  of  urea  had 
been  injected,  increased  reflex  irritability,  with  nystagmus,  tremors 
beginning  in  the  head  and  neck  and  spreading  downward,  coarse  twitch- 
ings,  opisthotonic  retraction  of  the  head,  tonic  then  clonic  convul- 
sions (except  in  Dog  7),  unconsciousness,  marked  dyspnea,  coma,  diar- 
rhea, and  a  gradual  fall  in  temperature  and  pulse  rate  ai)poarc(l  in  the 
order  given,  and  lasted  from  a  few  minutes  to  many  hours,  most  of  the 
animals  dying  within  twelve  hours  or  less  after  the  injection,  two 
(Dogs  3  and  6)  dying  suddenly  from  rcs])iratory  i)aralysis.  Bloody 
urination  was  rather  a  constant  feature,  the  urine  containing  from  2,670 
to  5,090  mg.  urea  per  100  c.c.  While  the  picture  jMesented  by  the 
animals  varied  somewhat  in  the  relative  ])re(Ioniinance  of  its  various 
elements,  it  could  not  be  mistaken  for  anything  but  urea  intoxication. 
If,  after  hours  of  twitchings  and  irregular  panting  respiration,  with 
deep  stupor  and  profound  prostration,  the  animal  recovered  conscious- 
ness, it  was  very  much  depressed,  weak,  ahnost  unable  to  stand,  and 
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would  lie  in  the  cage  totally  unresponsive  to  ordinary  stimuli,  as  if  in  a 
deep  sleep,  yet  conscious. 

"  The  blood  urea,  determined  about  thirty  minutes  before  or  after 
the  end  of  the  injection,  varied,  of  course,  ranging  from  669.5  mg. 
(rather  low)  in  Dog  6  to  1,812  mg.  in  Dog  2,  an  average  of  1,327  mg. 
urea  per  100  c.c. 

The  necropsy  findings  in  this  series  were  strikingly  uniform,  con- 
sisting chiefly  of  marked  hemorrhages  in  the  submucosa  and  mucosa 
of  the  stomach  and  small  intestine,  with  necrosis  of  the  mucosa  in  some 
areas,  subpleural  hemorrhages  with  varying  amounts  of  hypostatic 
congestion  and  edema  of  the  lungs,  and  very  marked  fatty  degeneration 
of  the  limbs  of  Henle's  loop,  with  cloudy  swelling  of  the  convoluted 
tubules  of  the  kidney.  Apparently,  therefore,  the  urea  acted  as  an 
endothelial  cell  poison,  and  also  as  a  toxic  agent  for  renal  epithelium. 

The  heart's  blood  urea  content,  postmortem,  varied  from  669.5  mg. 
to  1,702  mg.  per  100  c.c,  an  average  of  1,383  mg.  The  bile  urea  con- 
tent varied  from  1,242  mg.  to  1,782  mg.,  an  average  of  1,514  mg.  urea 
per  100  c.c,  indicating  an  excretion  of  the  urea  in  the  bile,  as  might  be 
expected  from  its  ready  diffusibility. 

3.  The  third  series  of  experiments  consisted  of  the  determination 
of  the  lethal  dose  of  repurified  urea  (by  recrystallization  from  alcohol), 
in  order  to  exclude  the  poisonous  action  of  any  foreign  substance,  such 
as  ammonium  salts.  In  Dogs  8  and  9,  weighing  11.5  and  10.7  kg., 
respectively,  130  and  118  gm.  urea,  respectively,  were  required  to  pro- 
duce toxic  symptoms,  hence,  1.1  and  1.1  per  cent,  of  the  body  weight, 
just  as  with  ordinary  commercially  pure  urea.  The  symptoms  in  this 
series,  as  well  as  the  blood,  bile  and  urine  findings,  and  the  necropsy 
observations,  were  entirely  similar  to  those  presented  in  the  preceding 
series,  and  need  not  be  discussed  further. 

4.  In  the  fourth  series,  a  single  ureter  was  ligated  doubly,  or  ligatcd 
doubly  and  then  sectioned  between  ligatures,  in  four  dogs,  the  animals 
being  allowed  to  recover  largely  from  the  operation  and  then  their 
tolerance  to  urea  injection  estimated. 

In  Dogs  5,  4,  14  and  15,  weighing  12.5,  10.5,  10.3,  13.2  and  6.7  kg., 
respectively,  87.0,  63,  105  and  75  gm.  urea  were  required  to  produce 
toxic  symptoms,  similar  in  every  respect  to  those  discussed  above. 
Dog  4,  curiously  enough,  received  two  separate  injections,  went  into 
convulsions  in  each  case,  and  recovered  rapidly  after  both  injections, 
although  her  symptoms  were  very  much  the  same  as  those  of  the  other 
dogs.  In  fact,  this  was  the  only  instance  of  a  dog  recovering  after 
convulsions.  This  animal  was  later  operated  on  again  and  the  remain- 
ing ureter  ligated — as  will  be  described  under  the  next  series. 

It  is  seen,  therefore,  that  in  this  series,  with  only  one  kidney  func- 
tioning, the  amount  of  urea  necessary  to  produce  toxic  symptoms  varied 
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from  0.6  to  1.1  per  cent,  of  the  body  weight,  an  average  of  0.8  per  cent., 
as  compared  with  \A  per  cent  .in  animals  with  both  kidneys  functioning. 

The  general  symptoms  produced  in  this  series  were  similar,  in  every 
respect,  to  those  described  in  Series  2,  and  death  occurred  within  about 
the  same  period  of  time  after  the  injection.  The  blood  urea  content, 
determined  shortly  before  or  after  the  end  of  the  injection,  varied  from 
933  to  1,275  mg.,  an  average  of  1,078  mg.  per  100  c.c.  The  bile  and 
gastric  contents  urea  showed  distinct  evidences  of  urea  being  excreted 
in  those  two  fluids,  particularly  in  the  latter,  in  which  the  urea  content 
averaged  1,815  mg.  per  100  c.c.  in  two  dogs.  The  urine  urea,  after  the 
injection,  varied  from  1,690  to  2,040  mg.  urea  per  100  c.c. — distinctly 
low  when  compared  with  Series  2  and  3. 

The  necropsy  findings  in  this  series  were,  on  the  whole,  quite  similar 
to  those  in  Series  2  and  3,  except  that  the  kidney  corresponding  to  the 
ligated  or  divided  ureter  showed  some  hydronephrosis  or  pyonephrosis, 
of  a  moderate  degree,  with  necrosis  of,  and  hemorrhages  into,  the  kid- 
ney tissue. 

5.  In  the  fifth  and  last  series,  four  dogs  were  studied  as  to  the 
eflfects  of  bilateral  ligation  and  section  of  the  ureters.  These  animals. 
Dogs  4,  11,  12  and  13,  lived  from  three  to  four  days,  except  Dog  11, 
which  lived  less  than  thirty-six  hours.  Unfortunately,  not  one  of  these 
animals  was  seen  in  the  act  of  dying,  so  that  while  convulsions  were 
never  seen  to  occur,  they  may  have  taken  place  shortly  before  death. 
However,  the  absence  of  an  early  rigor  mortis  speaks  against  convul- 
sions. In  general,  the  symptoms  were  chiefly  those  of  anorexia,  a 
gradually  falling  temperature,  an  increasing  drowsiness,  and  a  marked 
depression,  which  was  very  obvious  and  constant.  Irregularities  in 
respiration  appeared,  but  were  not  very  constant.  The  blood  urea  rose 
steadily,  reaching  from  243  to  502.8  mg.  per  100  c.c,  an  average  of 
383.7  mg.  per  100  c.c.  The  bile  urea  varied  from  273.0  to  538.5  mg. 
per  100  c.c,  an  average  of  412.6  mg.  ])cr  100  c.c  ;  the  gastric  contents 
urea  ranged  from  350.0  to  626.0  mg.,  an  average  of  507.8  mg.  per 
100  c.c,  indicating  a  distinct  excretion  of  urea. 

The  necropsy  findings  in  this  scries,  of  course,  were  those  of 
degenerative  changes  in  the  kidneys,  with  a  mild  hydronephrosis,  except 
in  Dog  4,  in  whose  right  kidney  (the  right  ureter  was  ligated  long  before 
the  left)  a  very  extreme  hydronephrosis  was  i)resent :  also  a  suppurative 
peritonitis  in  the  same  animal.  Dog  11  had  a  bronchopneumonic  patch 
in  one  lung.  The  animals  showed  some  hypostatic  congestion  and 
edema  of  the  lungs,  with  a  few  subpleural  hemorrhages.  The  stomach 
and  intestines,  in  this  series,  were  relatively  unaffected,  due,  perhaps, 
to  the  low  urea  content  of  the  blood  as  conijiared  with  that  in  the  ani- 
mals quoted  in  the  .second,  third  and  fourth  series. 
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CONCLUSIONS 

The  injection  of  urea,  intravenously,  in  dogs  produces  a  train  of 
symptoms  entirely  analogous  to  that  found  in  the  convulsive  or  true 
uremia  in  man.  Lesions  are  produced  in  the  alimentary  mucosa  that 
may  be  related  to  uremic  colitis.  There  seems  to  be  a  rather  definite 
correlation  between  the  severity  of  the  symptoms  and  the  concentration 
of  urea  in  the  blood. 

Chronic  uremia  in  man,  ending  ultimately  in  convulsions  and  coma, 
may  be  accounted  for  by  urea  intoxication,  if  we  assume  that  the  time 
element  in  the  clinical  cases  is  as  important  as  the  high  concentration 
of  urea  in  the  animals,  when  injected.  Obviously,  more  work  is  neces- 
sary, with  particular  reference  to  the  use  of  such  an  apparatus  as  the 
Woodyatt  machine  for  long  continued  injections  of  relatively  low  con- 
centrations of  urea.  It  is  not  implied  here  that  only  one  factor  is  at 
play  in  the  clinical  forms  of  uremia,  but  urea  retention  must  play  a 
much  more  important  role  than  that  of  an  inert,  harmless,  waste  product. 

The  asthenic  condition  produced  by  the  ligation  of  both  ureters 
involves  probably  many  more  factors  than  urea  retention  alone,  and 
cannot,  from  the  data  at  hand,  be  explained  on  any  definite  basis,  except 
that  such  sudden  occlusion  of  the  ducts  of  one  of  the  most  important 
excretory  systems  must  be  followed  by  severe  general  metabolic  dis- 
turbances. 

Evidence  was  obtained  that  there  is  an  active  excretion  of  urea  by 
the  stomach,  bile  and  intestine  when  excessive  amounts  are  present  in 
the  blood. 

I  wish  to  thank  Dr.  Hanke  of  the  Otho  S.  A.  Sprague  Memorial  Institute 
for  his  helpful  advice  on  several  occasions  and  for  purification  of  the  com- 
mercial urea.  I  am  deeply  indebted  to  Prof.  H.  Gideon  Wells  for  the  sug- 
gestion of  this  problem  and  for  his  constructive  criticism  and  cooperation 
throughout  the  entire  time  of  this  research. 
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In  the  dietetic  management  of  diabetes  we  are  engaged  in  the  effort 
to  correlate  symptoms  and  signs  shown  by  the  patient  with  the  kinds 
and  quantities  of  food  he  consumes.  The  success  of  treatment,  the 
average  of  results  in  all  types  of  cases,  depends  on  the  truth  of  our 
concept  of  the  relationship  existing  between  symptoms  or  signs  and  the 
food  supply.  During  the  last  few  years  the  average  of  results  obtained 
in  the  dietetic  management  of  diabetes  has  been  improved  greatly 
through  the  work  of  Allen  and  Joslin,  and  the  system  they  have  devel- 
oped is  in  some  respects  more  logical  and  less  empirical  than  any  we 
have  had  heretofore.  Yet  the  literature  of  the  subject  is  still  confused 
by  a  lack  of  unanimity  among  all  writers  as  to  the  best  manner  of 
handling  all  cases.  In  a  recent  monograph,  Falta  ^  has  again  told  the 
merits  of  his  "cereal  cure''  (Mehlfriichtekur).  and  endorsed  methods 
of  management  that  diff'er  materially  from  that  which  has  found  so 
much  favor  in  this  country.  Xcwburgh  and  Marsh,-  failing  to  achieve 
practical  results  by  their  application  of  the  principles  of  "total  dietary 
restriction"  and  ''undernutrition,"  resort  to  low  protein  high  fat  diets 
with  striking  success  in  the  management  of  seventy- four  cases.  In 
the  past,  good  results  were  obtained  and  may  still  be  obtained  in  some 
cases  by  old  fashioned  "rigid"  diets.  The  remarkable  improvements 
that  have  sometimes  been  seen  with  the  institution  of  a  Donkin  "milk 
cure,"  a  von  Duering  "rice  cure,"  a  Mosse  "potato  cure."  a  von  Xoorden 
"oatmeal  cure"  or  any  one  of  several  analogous  procedures  cannot  be 
denied  and  have  never  been  exi)lained  fully  to  the  extent  that  one  inay 
predict  with  certainty  just  when  one  of  these  emj)irical  procedures  will 
and  when  it  will  not  produce  a  result  better  than  that  attainable  by  a 
more  .systematic  method.  The  present  study  was  made  in  the  effort  to 
correlate  some  of  these  varying  view>  of  different  v/riters.  and.  if  pos- 
sible, to  clear  away  some  of  the  ion  fusion  that  thev  tend  to  create  in  the 
mind  of  the  physician  as  to  what  method  of  procedure  he  may  best 
follow  in  any  specific  situation. 


*From  the  Otho  S.  A  Spr.iuiu-  Mnnori.il  Iiistitnir  f ..ilxiratory  for  Clinical 
Research.  Rush  Medical  College.  Read  lu-tOre  the  Xssoriatioii  of  American 
Physicians.  Atlantic   City.   May.   lOJj. 
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Discrepancies  in  the  clinical  literature  of  diabetes  arise  from  three 
main  sources:  (1)  Confusion  in  the  minds  of  writers  as  to  the  exact 
nature  of  the  anomaly  of  the  metabolism  which  characterizes  diabetes. 
(2)  A  general  tendency  among  clinicians  to  think  of  the  food  supply  of 
the  body  too  exclusively  in  terms  of  the  diet,  to  the  neglect  of  endog- 
enous factors,  and  (3)  the  almost  universal  custom  of  thinking  of  the 
food  supply  simply  as  so  much  carbohydrate,  so  much  protein,  so  much 
fat  and  so  many  calories  without  further  analysis. 

It  will  be  necessary  to  develop  each  of  these  points  separately. 

(1).     NATURE    OF    THE    DIABETIC    ANOMALY    AND    PRINCIPLES    OF 

TREATMENT 

(a)  One  single  specific  defect  characterizes  diabetes.  This  consists 
in  an  inability  on  the  part  of  the  body  to  utilize  as  mtich  glucose  as  may 
be  utilised  by  the  normal  body  when  the  supply  of  glucose  exceeds 
certain  limits.  The  diabetic  appears  to  be  capable  of  utilizing  a  limited 
quantity  of  glucose  as  well  as  the  normal  individual,  but  fails  to  utilize 
a  normal  percentage  of  any  glucose  introduced  into  the  body  in  excess 
of  this  limit.  This  limitation  of  the  body's  power  to  utilize  glucose  is 
present  in  every  case  of  diabetes.  In  its  absence  we  can  not  say  that 
diabetes  exists.  In  its  presence  alone,  without  any  other  accompani- 
ment, one  must  say  that  diabetes  does  exist. 

{b)  The  endocrine  function  of  the  pancreas,  so  far  as  we  know  it  at 
all,  is  a  single  highly  selective  function  having  to  do  with  the  utilization 
of  glucose  and  nothing  else.  All  that  we  know  of  this  function  is 
deduced  from  our  knowledge  of  the  changes  which  occur  in  the  diabetic 
metabolism  and  from  the  established  relation  between  diabetes  and  the 
pancreas.  Were  it  not  for  the  occurrence  of  the  metabolic  phenomenon 
which  is  called  diabetes,  we  would  have  no  more  reason  to  speak  of  a 
special  endocrine  function  of  the  pancreas  than  we  now  have  for  speak- 
ing of  such  a  function  in  the  case  of  any  of  the  organs  which  are  not 
considered  as  endocrine  organs  in  the  usual  sense  of  the  word.  No 
second  metabolic  disturbance  besides  diabetes  has  been  found  to  occur 
with  consistency  after  reduction  of  pancreatic  substance.  It  is  accord- 
ingly necessary  to  conclude  that  the  work  of  the  pancreas  as  an  endo- 
crine organ,  so  far  as  we  know  it  today,  has  to  do  solely  with  the  dis- 
position of  glucose,  and  that  to  lessen  this  work,  one  must  lessen  the 
quantity  of  glucose  entering  the  metabolism.  The  pancreas  is  a  glandu- 
lar organ  innervated  from  the  celiac  plexus.  Vagus  and  sympathetic 
fibers  pass  into  its  substance.  It  is  a  nerve  gland  apparatus.  Pre- 
sumably it  performs  its  function  by  secreting  a  substance  having  the 
power  to  dissociate  the  one  specific  sugar  glucose  into  which  all  other 
carbohydrates  that  are  capable  of  utilization  on  the  large  scale  must 
first  be  converted  before  they  can  be  oxidized,  reduced  or  built  up  into 


glycogen.  That  such  an  apparatus  should  be  stimulated  by  glucose  to 
provide  for  the  disposition  of  glucose  is  a  thought  in  keeping  with  many 
facts.  That  a  weakened  pancreas  in  the  presence  of  a  sufficient  supply 
of  glucose  might  be  stimulated  into  a  state  of  fatigue  and  decreased 
function,  and  that  a  sufficient  diminution  of  the  glucose  supply  might 
then  lessen  the  stimulation,  place  the  organ  in  a  state  of  comparative 
rest,  and  permit  it  to  recuperate  up  to  a  certain  limit,  is  also  quite  con- 
ceivable and  affords  a  logical  explanation  of  many  observed  facts. 

(r)  The  anomaly  of  the  metabolism  in  which  abnormal  quantities  of 
acetone,  acetoacetic.  and  p  hydroxybutyric  acids  appear  in  the  tissues, 
blood  and  urine  is  not  due  directly  to  any  impairment  of  the 
endocrine  function  of  the  pancreas.  It  is  a  secondary  effect  in  the 
nature  of  a  disturbed  metabolic  balance  resulting  from  the  withdrawal 
of  oxidizing  glucose,  as,  when  one  stone  is  withdrawn  from  an  arch 
all  the  other  members  may  settle  to  a  new  position.  This  anomaly  is 
not  peculiar  to  diabetes  nor  constantly  associated  with  it.  It  occurs  in 
other  diseases.  It  may  be  made  to  appear  in  a  normal  subject  by  starva- 
tion, or  a  diet  containing  too  low  a  proportion  of  carbohydrate  and  too 
high  a  proportion  of  fat,  and  when  this  is  done  it  may  be  made  to 
disappear  again  simply  by  the  addition  of  more  carbohydrate  to  the 
diet.  It  appears  to  be  the  immediate  result  of  the  oxidation  of  certain 
fatty  acids  in  the  absence  of  a  sufficient  proportion  of  ''oxidizing'' 
(dissociated)  glucose. 

There  is  for  any  given  individual  at  any  given  time,  a  definite  ratio 
hetzveen  the  quantity  of  glucose  oxidizing  in  the  body  and  the  maximum 
quantity  of  ketogenic  fatty  acids  that  can  be  oxidized  in  the  same  time 
ivithout  the  appearance  of  abnormal  amounts  of  the  acetone  bodies. 
In  other  words,  the  quantity  of  oxidizing  glucose  fi.ves  an  upper  limit 
to  the  quantity  of  ketogenic  fatty  acid  that  can  be  completely  oxidized 
at  the  same  time.  As  to  the  absolute  magnitude  of  this  ratio,  and 
the  degrees  of  its  variation  in  different  individuals  in  health  and  disease, 
it  is  too  early  to  make  a  fuial  statement.  .Some  years  ago,  on 
the  basis  of  chemical  studies  by  Ciamician  and  .^ilher.  and  test  tube 
experiments  with  acetoacetic  acid,  T  suggested  a  certain  tyj)e  of  reaction 
as  the  basis  of  *'antiketogenesis"  in  which  one  molecule  of  acetoacetic 
acid  would  react  with  one  molecule  of  an  alcohol  or  glucose.''  Zeller.'" 
working  with  normal  individuals  on  ample  diets  cotisisting  of  carbo- 
hydrate and  fat  with  very  low  protein  contents,  shifted  the  proportions 
of  fat  and  carbohydrate  without  changing  the  total  calories  and  saw 
acetone  appear  when  the  ratio  of  carbohydrate  calories  fell  below  10 
per  cent,  of  the  total,  that  is.  when  the  ratio  of  fat  to  carbohydrate  in 
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the  diet  in  grams  was  about  4  to  1.  Recalculating  Zeller's  experiments, 
Lusk  estimated  the  relative  quantities  of  sugar  and  higher  fatty  acid 
that  might  have  been  oxidizing  together  in  the  body.  Allowing  for  the 
formation  of  sugar  from  the  glycerol  of  the  fat,  and  of  glucose  from 
the  protein  catabolized,  and  for  some  glucose  from  glycogen,  but  not 
for  ketogenic  amino-acids  from  protein,  Lusk  suggested  that  possibly 
one  triose  molecule  was  necessary  for  the  complete  oxidation  of  one 
of  higher  fatty  acid,  that  is,  one  molecule  of  glucose  to  two  molecules 
of  higher  fatty  acid,  or  3  gm.  to  1  gm.  P.  A.  Shaffer  *  has  worked 
with  test  tube  experiments  and  with  diabetic  individuals  in  which  he 
conducted  metabolism  studies,  including  observations  on  the  respiratory 
quotient  at  the  time  acetone  first  appeared.  Shaffer  calculated  the 
ketogenic  acids  of  protein  on  the  basis  of  the  quantities  of  leucin, 
tyrosin  and  phenyl  alanin  found  by  analysis  in  100  gm.  of  ox  muscle 
protein  by  Osborne,  assuming  that  each  molecule  of  these  known 
acetone  formers  may  yield  one  molecule  of  acteoacetic  acid,  or  its 
equivalent.  As  a  result  of  his  work,  Shaffer  suggests  that  one  molecule 
of  glucose  is  necessary  for  the  complete  oxidation  of  one  molecule  of 
acetoacetic  acid,  or  one  molecule  of  any  higher  fatty  or  amino-acid  that 
yields  one  molecule  of  acetoacetic  acid  (or  equivalent).  The  molecular 
weight  of  glucose  being  180,  of  oleic  acid  284,  of  palmitic  acid  256, 
and  the  average  of  the  two  acids  270,  the  ratio  found  by  Shaffer,  if 
expressed  in  grams  would  be  about  1.5  gm.  higher  fatty  acid  to  1  gm. 
glucose.  Working  with  diabetic  patients  on  maintenance  diets  under 
conditions  that  made  it  probable  that  the  proportion  of  food  stuffs  in 
the  diets  corresponded  fairly  with  those  actually  catabolized  in  the  body, 
and  estimating  the  glucose  and  fatty  acid  as  hereinafter  indicated,  we 
have  also  observed  at  the  time  acetone  appeared,  ratios  of  1.5  or  a 
little  above  or  below  this  figure  with  considerable  frequency  in  har- 
mony with  the  work  of  Shaffer.  Accordingly,  even  though  it  may 
prove  necessary  to  correct  this  figure  as  data  accumulate,  and  for 
individual  cases,  it  would  seem  that  for  clinical  purposes  one  will  make 
no  gross  error  if  it  is  assumed  that  the  ratio  of  higher  fatty  acids  to 
glucose,  which  if  exceeded  will  lead  to  acidosis,  is  likely  to  be  close  to 
1.5  to  1.  (in  gm.).  This  refers  to  the  materials  actually  catabolized 
and  to  the  diet  only  under  the  stated  conditions. 

TREATMENT.  It  follows  from  the  foregoing  that  the  rationale  of 
dietetic  management  in  diabetes  is  to  bring  the  quantity  of  glucose 
entering  the  metabolism  from  all  sources  bcloiv  the  quantity  that  can  be 
utilized  li'ithout  abnormal  Zi^'astc ;  and  to  adjust  the  supply  of  fatt\  acids 
in  relationship  to  the  quantity  of  glucose  so  that  in  the  mixture  of  food 
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stuffs  oxidizing  in  the  body,  the  ratio  of  tlie  ketogenic  fatty  acids  to 
glucose  shall  not  exceed  limits  compatible  with  freedom  from  ketonuria. 
When,  as,  and  if,  under  these  conditions  of  relative  rest  for  the  pan- 
creas, the  glucose  using  function  improves,  then  the  food  supply  may 
be  increased  gradually  in  so  far  as  this  can  be  done  without  disturbing 
the  above  relations. 

(2).    ENDOGENOUS    FACTORS    OF    FOOD    SUPPLY,     ILLOGICAL    DIET 
RESTRICTIONS 

When  a  man  fasts  he  does  not,  of  course,  cease  to  produce  heat. 
Normal  men  during  a  fast  on  light  exertion  have  been  observed  to 
produce  from  29  to  30  calories  per  kg.  of  body  weight  daily.  For  a 
50  kg.  man  this  would  mean  1,500  calories  per  day.  During  the  first 
four  days  of  a  fast,  Cetti  produced  on  the  average  29  calories  per  kg. 
for  a  total  of  1,618  calories  per  day,  and  catabolized  85.88  gm.  protein 
for  329.8  calories  and  136.72  gm.  fat  for  the  remaining  128S  calorics.'' 
In  a  case  studied  by  F.  G.  Benedict,^  on  the  second  day  of  fasting  there 
were  produced  1,768  calories,  or  29.9  calories  per  kg.,  and  the  individual 
was  estimated  to  have  catabolized  74.7  gm.  protein,  14/.^  gm.  fat  and 
23.1  gm.  glycogen.  These  figures  are  by  no  means  the  highest  that 
might  be  selected.  Thus,  a  well  nourished  normal  man  weighing  50 
kg.,  who  during  a  fast  produces  1,500  calories  per  day,  may  actually 
catabolize  in  the  neighborhood  of  75  gm.  protein,  125  gm.  fat  and  a 
little  carbohydrate  from  glycogen.  These  well  known  facts  are  re])eated 
simply  to  emphasize  the  magnitude  of  the  food  supply  from  the  tissues 
in  fasting,  and  to  point  out,  in  particular,  that  in  fasting  over  ICX)  gm. 
fat  may  be  thrown  into  the  metabolic  stream  and  catabolized  daily.  It 
has  further  been  shown  that  the  amount  of  fat  in  the  fasting  organism 
materially  affects  the  amount  of  protein  burned.  In  a  critical  review 
of  the  literature  of  the  subject,  Lusk  has  said  :  "Where  there  was  much 
fat  present,  little  protein  was  consumed  ;  when  there  was  little  fat.  nuich 
protein  burned;  and  when  there  was  no  fat,  ])rotein  alone  yielded  the 
energy  for  life."  In  a  normal  individual,  the  ingestion  of  fat  will  not 
prevent  the  death  of  the  organism  because  there  is  a  continual  loss  of 
tissue  protein  from  the  body  which  fnially  weakens  some  vital  organ 
to  such  an  extent  that  death  takes  ])lace.  />///  the  ingestion  of  fat  may 
Sparc  tissue  fat  and  thus  prevent  the  protein  loss  from  liecotning  ahnor- 
mally  great.     It  may  be  said  that  the  ingestion  of  fat  spares  the  individ- 
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ual  any  such  protein  loss  as  will  occur  if  the  tissue  fat  is  allowed  to 
become  too  much  depleted.  In  this  sense,  the  ingestion  of  fat  by  an 
emaciated  individual  si>ares  protein  for  that  individual.  Voit  found  in 
a  fasting  animal  that  the  ingestion  of  suitable  amounts  of  fat  scarcely 
influenced  the  protein  metabolism.  To  one  dog  "which  in  starvation 
burned  96  gm.  fat,  Voit  gave  100  gm.  fat  with  the  result  that  it  burned 
97  gm."  The  fat  ingested  simply  burned  instead  of  the  body  fat,  but 
the  total  amount  of  protein  and  fat  burned  remained  the  same"  (Lusk). 
Now,  if  a  certain  diabetic  patient  during  a  fast  reacts  essentially  as 
a  nondiabetic  individual  in  the  same  state  of  nutrition;  and  if  he  weighs 
50  kg.,  produces  from  1,250  to  1,500  calories,  and  in  doing  so  actually 
mobilizes  and  burns  100  to  120  gm.,  or  more,  fat,  the  ingestion  of  an 
equal  quantity  of  fat  should  leave  his  metabolism  in  the  same  state  as 
before.  The  supply  of  fat  would  come  at  one  time  from  the  tissues,  at 
another  from  the  diet,  but  the  quantity  thrown  into  metabolism — the 
quantity  presenting  itself  for  disposition  in  the  cells  would  be  the 
same  in  both  cases.  //  these  premises  are  sound,  why  then 
should  we  ever  use  complete  fasting  for  diabetes?  Granting  that  a 
diabetic  patient  may  suffer  from  obesity  as  well  as  diabetes — that  he 
may  have  two  different  metabolic  defects;  or  granting  that  at  times  it 
might  seem  desirable  to  starve  for  other  conditions  besides  diabetes.  In 
such  cases  fasting  would  be  rational,  if  it  would  improve  the  general 
condition.  But  for  diabetes  itself,  and  particularly  for  diabetes  asso- 
ciated with  undernutrition,  why  for  the  purpose  of  desugarization 
should  the  patient  be  compelled  to  draw  from  his  tissues  the  fat  that  he 
might  draw  from  a  diet,  especially  if  in  drawing  from  his  tissues  he 
lowers  his  fat  reserves  to  the  extent  that  he  increases  his  protein  losses  ? 
The  striking  results  that  have  been  obtained  by  Newburgh  and  Marsh 
with  fat  replacement  diets  bear  significantly  on  this  point.  The  prac- 
tice of  starving,  or  virtually  starving,  a  patient  in  order  to  render  his 
urine  sugar  "free,"  and  then  building  up  the  diet,  first  with  carbohydrate 
and  then  with  protein,  with  a  particular  avoidance  of  fat,  would  appear 
to  be  based  on  the  supposition  that  if  fat  were  administered  it  would 
increase  the  catabolism  of  fat.  But  this  would  be  in  disregard  of  the 
endogenous  food  supply,  and  illustrates  the  necessity  of  thinking  in 
terms  of  the  metabolism  rather  than  of  the  diet.  As  the  diet  falls,  the 
endogenous  supply  rises  to  take  its  place,  and  vice  versa.  The  lower 
the  diet,  the  less  its  significance  in  calculating  the  food  supply  from  all 
sources.  It  is  possible  to  maintain  the  normal  body  with  a  diet  that 
contains  only  10  per  cent,  more  calories  than  are  produced  in  fasting, 
and  the  differences  in  the  catabolism  of  a  man  when  receiving  no  diet 
and  when  receiving  a  1,500  calorie  diet  may  be  slight. 


(3).    DEALING    WITH    THE    FOOD    SUPPLY    IN    TERMS    OF    CARBOHYDRATE 

PROTEIN      AND     FAT 

Carbohydrate,  protein  and  fat  are  as  such  three  separate  and  distinct 
substances,  no  one  of  which  can  be  expressed  quantitatively  in  terms  of 
another,  and  if  we  speak  of  food  suppHes  or  diets  as  made  up  of  so 
much  carbohydrate,  so  much  protein  and  so  much  fat,  we  simply  name 
them  in  terms  of  three  variables.  Thus  each  particular  combination 
or  diet  becomes  a  specific,  and  having  learned  by  experience  how  one  of 
them  will  affect  a  certain  patient,  we  have  no  means  of  knowing  exactly 
how  a  second  dissimilar  combination  will  affect  the  same  patient,  much 
less  another,  except  by  trial  and  experience.  The  number  of  possible 
combinations  of  three  variables  is  infinite  and  the  number  of  practical 
food  combinations,  no  two  of  which  will  differ  by  less  than  5  gm.  of 
one  ingredient  or  by  less  than  50  calories  runs  into  the  thousands. 
Accordingly,  if  we  attempt  to  correlate  symptoms  and  signs  shown  by 
the  patient  with  the  diet  and  follow  the  usual  system  of  thinking  of 
diets  simply  in  terms  of  carbohydrate  protein  and  fat,  without  attempt- 
ing to  resolve  them  into  simpler  terms,  it  will  be  necessary  to  establish 
by  experiment  the  effects  of  each  diet  combination  in  every  type  of 
case.  It  would  seem  tedious  and  hopeless  to  proceed  by  this  inductive 
method.  A  further  objection  to  this  method,  and  a  clear  advantage  in 
using  another,  lies  in  the  fact  that  protein,  carbohydrate  and  fat  as 
such  are  not  in  reality  the  substances  that  present  themselves  for  the 
final  oxidative  attack  in  the  body  which  results  in  the  liberation  of 
energy.  These  substances  are  resolved  by  the  processes  of  digestion 
and  intermediary  metabolism  into  simpler  substances  before  they  can 
be  burned  in  the  tissues.  It  is  not  starch  in  the  bowel  nor  glycogen  in 
the  liver  and  muscles  that  taxes  the  endocrine  function  of  the  pancreas, 
but  the  glucose  into  which  these  carbohydrates  are  resolved.  Protein 
of  the  diet  ceases  to  be  protein  and  becomes  a  mixture  of  amino-acids 
before  it  can  be  absorbed  from  the  bowel  and  these  undergo  deamina- 
tions,  etc..  prior  to  actual  oxidation.  Neutral  fats,  to  be  sure,  may  be 
absorbed  in  part  as  such,  and  may  be  deposited  in  the  tissues  as  such, 
but  before  they  can  be  oxidized  and  used  as  sources  of  energy,  they  must 
first  be  saponified  into  glycerol  and  higher  fatty  acids.  Thus,  as  a 
matter  of  fact,  carbohydrate  protein  and  fat  are  not  the  actual  food 
.stuffs  with  which  we  are  dealing  when  it  comes  to  the  final  metabolic 
proces.ses.  In  the  management  of  the  diabetic  food  supply,  it  is  simpler 
and  more  rational  to  think  in  terms  of  the  chemical  metabolism.  Falta 
devised  a  formula  in  which  he  added  the  carbohydrate  of  the  diet  to 
the  urinary  nitrogen  times  2.8.  or  (following  Lusk's  suggestion)  3.65 
to  .show  the  total  quantity  of  glucose  entering  the  body  from  carbohy- 
drate and  protein.  Then,  subtracting  from  this  the  quantity  of  glucose 
excreted  in  the  urine,  he  obtained  a  figure  for  the  quantity  of  gluco.se 
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actually  utilized.  The  quantity  excreted,  divided  by  the  total  quantity, 
supplied  gives  a  fraction  which  multiplied  by  100  was  Falta's  diabetic 
quotient.  The  latter  has  a  limited  value.  The  absolute  quantity  utilized 
is  of  more  interest.  The  ])rinciple  is  important  and  can  be  developed 
further. 

WHAT  FOODS  BECOME  IN  THE  BODY.  Of  the  carbohydrates 
of  the  diet  and  tissues  that  play  a  significant  role  in  heat  production,  all 
that  do  not  already  exist  in  the  form  of  glucose  are  converted  into  this 
form  by  the  processes  of  digestion  or  intermediate  metabolism  or  both 
prior  to  ultimate  utilization.  We  may,  therefore,  say  that  100  gm. 
utilizable  carbohydrate  in  the  diet,  if  all  is  digested  and  absorbed,  intro- 
duce into  the  metabolism  about  100  gm.  glucose.^ 

Fats  of  the  diet  in  the  course  of  digestion  and  intermediate  metabo- 
lism must  be  saponified  into  glycerol  and  higher  fatty  acid  before  they 
can  be  oxidized.  Fats  such  as  tristearin,  or  an  oil  such  as 
triolein,  when  completely  saponified,  yield  approximately  ten  parts 
by  weight  of  glycerol  to  ninety  parts  by  weight  of  higher  fatty  acid. 
Glycerol  is  capable  of  conversion  into  glucose  in  the  body  almost  gram 
for  gram.  So  we  may  say,  for  clinical  purposes,  that  100  gm.  mixed 
fat  in  the  diet,  if  completely  absorbed  and  catabolized,  will  introduce 
into  the  metabolism  about  10  gm.  glucose  and  90  gm.  higher  fatty  acid.^ 

Protein  of  the  diet,  or  tissues,  is  resolved  into  amino-acids,  and  in 
so  far  as  these  are  absorbed  and  catabolized,  they  must  be  deaminized 
(and  presumably  at  the  same  time  oxidized)  to  yield  oxy-  or  hydroxy 
acids.  Of  these,  a  part  is  convertible  into  glucose,  another  part  into 
ft  hydroxybutyric  and  acetoacetic  acids,  while  a  third  small  fraction 
is  destroyed  in  as  yet  unknown  ways.  According  to  the  experiments 
of  Lusk  on  phlorhizinized  dogs,  which  have  been  repeated  by  others, 
and  according  to  numerous  observations  in  cases  of  maximal  human 
diabetes,  one  may  say  that  100  gm.  mixed  food  protein  are  capable  of 
introducing  into  the  metabolism  approximately  58  gm.  glucose.  The 
same  100  gm.  of  protein  also  introduce  a  certain  quantity  of  products 
which  are  quite  the  equivalent  of  products  of  the  higher  fatty  acid 
catabolism  in  that  they  are  capable  of  yielding  y8  hydroxy  and  aceto- 
acetic acids.     The  exact  quantity  of  these  substances   formed  in  the 


7.  In  tables  of  food  analyses  all  that  is  listed  as  carbohydrate  is  not  neces- 
sarily utilizable  carbohydrate. 

8,  If  objection  is  made  to  the  view  that  neutral  fats  may  yield  10  per  cent, 
of  their  weight  in  glucose  on  the  grounds  that  ingested  neutral  fats  have  not 
been  observed  to  cause  the  appearance  of  "extra"  sugar  in  the  urine  of 
phlorhizinized  dogs,  it  may  be  suggested  that  the  ingestion  of  fat  by  a  starving 
phlorhizinized  dog  would  scarcely  be  expected  to  increase  the  fat  catabolism 
for  reasons  already  given  unless  special  precaution  had  been  taken  to  discharge 
tissue  fat,  etc.  It  is  not  improbable  that  the  tissue  fat  that  a  fasting 
phlorhizinized  dog  catabolizes  does  produce  glucose  and  that  the  glucose  is 
then  credited  to  protein. 
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catabolism  of  100  gm.  protein  can  be  estimated  only  roui^hly.  Tlie 
amino-acids  that  are  certainly  known  to  yield  acetone  bodies  are  leucin, 
tyrosin  and  phenyl  alanin.  If  we  take  the  quantities  of  these  amino- 
acids  found  in  100  gm.  ox  muscle  protein  by  Osborne  antl  Mendel,'^ 
as  ShalTer  has  also  done,  and  convert  the  weights  given  into  gram 
molecules,  we  obtain  0.16  gm.  molecules  of  these  ketogenic  amino-acids. 
If  we  assume  that  each  of  these  is  capable  of  yielding  one  molecule  of 
acetoacetic,  or  ^  hydroxybutyric  acid,  and  accept  the  view  that  one 
molecule  of  a  higher  fatty  acid  such  as  oleic  or  palmitic  acid  also  yields 
one  molecule  of  aceto-acetic  (or  /?  hydroxybutyric  acid,  then  the  0.16 
gm.  molecule  of  ketogenic  amino-acids  w^ould  be  equivalent  in  respect 
of  its  ability  to  form  aceto-acetic  acid  to  0.16  gm.  molecule  of  higher 
fatty  acid.  If  the  acid  were  oleic  (molecular  weight  284),  this  would 
mean  45.44  gm.  The  nature  of  this  estimation  is  such  that  consid- 
erable error  is  scarcely  avoidable,  but  it  afifords  a  tentative  figure  that 
serves  a  practical  purpose,  even  though  it  may  require  correction  in 
the  light  of  experience. 

It  will  thus  be  seen  that  all  of  the  foods  of  the  diet,  except  a  small 
fraction  of  the  protein,  resolve  themselves  in  the  body  into  two  things ; 
glucose,  on  the  one  hand,  and  higher  fatty  acid  (or  acetone  forming 
equivalents)  on  the  other.  If  we  let  G  stand  for  the  quantity  of 
glucose,  and  F  A  for  the  quantity  of  higher  fatty  acids  that  may  be 
introduced  into  the  metabolism  by  a  mixture  of  carbohydrate.  ])rolein 
and  fat,  then 

100  gm.  carbohydrate  yields  in  the  body  100  gm.  G  and     0  gm.  FA 

100  gm.  protein  yields  in  the  body 58  gm.  G  and  46  gtn.   (  ?)  I'A 

100  gm.  fat  yields  in  the  body 10  gm.  G  and  90  gm.  FA 

These  relationships  may  be  expressed  in  the  form  of  simple  etjua- 
tions  in  which  G  is  the  total  quantity  of  glucose  introduced  into  the 
body  by  a  given  food  combination;  F  A  the  total  cjuantity  of  higher 
fatty  acids  (plus  ketogenic  amino-acids  expressed  in  terms  of  higher 
fatty  acid)   C,  carbohydrate;  P,  protein;  and  F,   fat    (neutral);  thus 

(1)  G        =  C  -f  0.58   V  -f  0.1   F 

(2)  F  A  ==  0.46  P  -f  0.9  F 

If    the    ratio   of    I*'    .\  :    (i    which    if    cxcccdccl    K-.-uN    to    acctonnria    is 

1.5:  l,then  when       /     ^-^   1.5  we  derive  from  (1)  and  (!)  the  ecjuation 
( I 

F  =  2C   -f   .54  P.  which  for  clinical  jjurjxtses  may  be  stated  simply  as 

(3)  F  =  2C  -f     '' 


9.  Osborne  and   Mendel:    T.   Biol.  (hem.   ll-.MA   VAA. 
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DISCUSSION  OF  HYPOTHETICAL  DIETS,  Let  us  now  con- 
sider four  hyiwthetical  diets:  I,  II,  III  and  IV,  and  analyze  them  from 
tlie  viewpoint  of  their  possible  effects  on  a  certain  diabetic  patient 
weighing  50  kg.  Let  it  be  assumed  that  each  diet  is  completely  digested, 
absorbed  and  catabolized.  and  that  each  is  sufficient  to  cover  the 
maintenance  requirements  of  the  body,  so  that  we  may  in 
discussing  them  waive  endogenous  factors.  Were  these  diets  not 
sufficient  to  maintain  the  body,  foodstuffs  derived  from  the  tissues 
would  ^dd  themselves  to  the  combination  actually  being  utilized  in 
the  body  and  these  would  have  to  be  known  and  allowed  for.  Also 
if  some  of  the  fat  were  deposited  in  the  tissues  this  would  have  to 
be  allowed  for. 

Looking  at  these  diets  simply  as  so  many  diflferent  combinations  of 
carbohydrate,  protein  and  fat,  and  going  no  further,  they  appear  to  be 
quite  dissimilar.  Who  could  certainly  judge  their  relative  effects  on  a 
patient?  Diet  I  is  a  fair  example  of  the  old  fashioned  "rigid"  diet, 
with  almost  no  carbohydrate  and  the  protein  at  3  gm.  per  kg.  of  body 
weight.     Diet  II  is  a  high  carbohydrate,  low  protein  diet.     It  is  the 

TABLE  1. — Four  Hypothetical  Dirts 

I. 

Carbohydrate 10 

Protein 150 

Fat    84 


kind  of  a  combination  that  might  possibly  be  given  in  a  'Vice  cure."  or  a 
"cereal  cure."  This  diet  would  permit  the  patient  to  enjoy  330  gm. — 
almost  a  pint — of  boiled  rice  or  other  cereal;  or,  he  could  have  134  gm. 
white  bread  and  butter — three  slices — with  each  of  his  regular 
meals.  Diet  III  appears  to  be  intermediate  between  Diets  I 
and  II  in  all  respects  It  contains  less  carbohydrate  than  Diet  II, 
but  more  than  Diet  I ;  and  the  fat  is  less  than  in  Diet  II  and  more  than 
in  Diet  I,  It  contains  nothing  that  is  not  contained  in  higher  quantities 
by  one  of  the  other  diets.  Diet  IV  resembles  Diet  III  but  might  be 
suspected  of  having  a  higher  caloric  value  because  of  its  fat.  We 
make  a  rapid  estimation  of  calories  and  note  that  Diets  I,  II  and  III 
each  represent  1,400,  while  Diet  IV  shows  about  1,609  calories.  On 
the  basis  of  calories  alone,  if  any  of  the  diets  were  not  to  be  tolerated, 
Diet  IV  would  be  the  one  to  suspect.  Now,  if  in  each  diet  we  add  up 
the  grams  of  carbohydrate  plus  0.58  of  the  grams  of  protein,  plus  0.1 
of  the  grams  of  fat,  we  find  that  Diets  I  and  II  are  alike  in  that  each 
is  capable  of  introducing  about  105  gm.  glucose  into  the  metabolism. 
They  are  not  only  isocaloric,  but  will  yield  the  same  quantities  of  glucose. 


11. 

III. 

IV. 

77 

60 

51 

30 

85 

70 

108 

91 

125 
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If  we  assume  that  the  patient  is  capable  of  utilizing  from  105  to  110 
gm.  glucose  per  day,  he  might  very  well  tolerate  either  of  these  diets. 
Of  the  two,  he  would  be  less  likely  to  tolerate  Diet  I.  Coming  to 
Diet  III,  and  estimating  the  glucose  equivalent  G,  we  found  it  to  be 
118.  This  harmless  looking  isocaloric  diet  will  surely  cause  glycosuria 
in  the  patient  who  is  capable  of  utilizing  only  from  105  to  110  gm. 
Diet  l\\  with  200  more  calories  than  any  of  the  other  three,  has  the 
same  glucose  equivalent  as  Diets  I  and  II  and  will  probably  be  borne 
as  well  as  either.  The  question  arises  in  respect  of  Diet  IV  as  to 
whether  the  high  fat  is  permissible  or  in  any  sense  objectionable.  We 
estimate  the  higher  fatty  acid  value  of  this  diet  F  A  by  means  of 
formula  2.     Taking  0.46  the  protein  +  0.9  the  fat,  we  find  32  +  113 

F  A 
or  145  for  F  A.    As  stated,  G  is  104.    Then  the  ratio ^    =  1-4.  Asa 

G 
general  rule,  zvc  have  found  that  acetone  does  not  appear  in  the  urine 
of  an  uncomplicated  case  of  diabetes,  or  remain  permanently  if  present 
when  the  ratio  does  not  exceed  this,  proznded,  that  the  diet  is  com- 
pletely absorbed,  and  catabohzed  and  sufficient  for  maintenance,  so 
that  endogenous  factors  of  food  supply  do  not  complicate  the  calcula- 
tion. Accordingly,  we  say  that  the  quantity  and  proportion  of  fat  in 
Diet  IV  are  probably  not  too  high  for  complete  utilization  in  the  normal 
manner  and  that  there  is  probably  nothing  objectionable  about  it. 

This    leads    us    to    the     problem    of    calculating    the    theoretical 
optimal  diet. 

ESTIMATION  OF  OPTIMAL  DITTS.  U  C"  =  carlx.iiydrate. 
P  =:  ])rotein,  F=  fat,  (i  =  glucose  and  l*^  A  =  higher 
fatty  acids  (plus  ketogenic  amino-acids  ex])resscd  in  terms  of 
higher  fatty  acid),  we  may  say — as  shown  al)()\c  that  the 
quantity  of  glucose  which  any  given  combination  of  foods  niav  intro- 
duce into  the  metabolism  is  exi)ressed  by  the  equation:  (l)  G  -—  C 
-|-  0.58  +  0.1  F  and  that  the  quantity  of  higher  fatty  acids  (and 
equivalents)  may  be  expressed  as  (2)  I''  .\  --  0.46  ]'  -f  OSi  V.     When 

F  A 
the  ratio  exceeds  a  certain  value,  ketonuria  develops,     .\ssumnig 

,.  .      .     ,  .      ,         C  -f  0..=^8  V  +  0.1    I^  ,  -        , 

that   this   ratio   is    1..-^.   then   -     ,  -^^    ,,     ,     ,^  r^   r^  ''  ^=^    l-"^.   when   the 

0.46   I     4-   y)-f   r 

ratio  of  fatty  acids  to  glucose  is  as  high  as  it  may  he  without  keto- 
nuria.    Simplifying  this  we  obtain   V  ^-=  2  C  -\-  0.54   P,  or,  simply. 

p 

(3)   r""  =  2  C  -f    .^.      If  it  is  agreed  that  the  ratio  V  .\    :  (\  shall  not 

exceed  1.5  and  that  the  relationships  cxj)rcssed  in  ('({nations  1  and  2 
are  as  given,  then  to  estimate  the  oi)tiinal  food  combination  or  diet 
one  may  use  equations  1  and  ,V  (iiven  the  (juantity  of  glucose  that 
the  patient  can  utilize  completely,  assign  this  value  to  G  in  e(|nation  1. 
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Thus,  if  100  gni.  is  the  highest  quantity  of  glucose  derived  from  all 
sources  that  the  patient  can  utilize,  100  gm.  =  C  +  0.58  P  +  0.1  F. 
In  order  to  secure  the  maximal  number  of  calories,  the  diet  must 
clearly  contain  every  possible  gram  of  fat  (at  9  calories  per  gram)  that 
the  value  of  G  and  the  relations  expressed  in  1  and  3  will  permit,  and 
consequently  the  lowest  possible  carbohydrate  protein  fraction  (at  4 
calories  per  gram).  Also,  as  between  carbohydrate  and  protein,  the 
protein  must  be  as  low  as  possible  and  the  carbohydrate  as  high  as 
possible  for  1  gm.  carbohydrate  yielding  1  gm.  glucose  and  4  calories 
provides  for  the  normal  oxidation  of  1.5  gm.  of  higher  fatty  acid.  On 
the  other  hand,  1  gm.  protein  having  the  same  caloric  value  as  carbo- 
hydrate yields  less  glucose  to  support  fat  combustion  and  besides  this 
yields  acetone  itself.     If  the  body  weight  of  the  patient  be  50  kg.  and 

1  gm.  protein  per  kg.  is  selected  as  a  conservative  minimum;  then  P 

P 

becomes  50  gm.  and  the  equation  (3),  F  =  2  C  -\ becomes  F  == 

2 

2  C  +  25.  We  have  already  made  G  =  100  gm.  Now,  the  glucuse 
yielded  by  the  50  gm.  protein  will  be  0.58  X  50,  or  29  gm.,  leaving 
100  —  29,  or  71  gm.,  to  be  distributed  between  carbohydrate  and  fat.  In 
other  words,  C  +  0.1  F  =  71.  From  this  we  obtain  F  =  710  —  10  C. 
But  we  also  have  from  the  above,  F  =  2CH-25.  So2C  +  25  = 
710  —  10  C,  solving  which  C  =  57  gm.  (57.08).  Substituting  this 
value  for  C  in  F  =  2  C  +  25  we  find  F  =  139  gm.  (139.16).  Then, 
the  optimal  food  combination  that  will  fulfill  the  conditions  and  rela- 
tions specified  is:  carbohydrate,  57  gm. ;  protein,  50  gm. ;  fat,  139 
gm. ;  calories,  1,680.  Proving  this  diet,  we  find  the  total  glucose 
equivalent  G  =  57.08  +  (0.58  X  50)  +  (0.1  X  139.1)  =  99.99  as 
called  for.     Also  F  A  =  (0.46  X  50)   +   (0.9  X  139.1)  =  150.24 

FA 
and  — p^-  =  1.50  as  required. 
G 

It  is  apparent,  that  any  addition  of  any  foodstuff  to  this  diet  will 

make  G  greater  than   100.     If,  on  the  other  hand,  one  added  more 

fat — say,  10  gm. — and  subtracted  1  gm.  carbohydrate,  G  would  remain 

100  and  the  calories  would  be  increased  by  86,  but  this  would  make 

FA 

-T^—  greater  than  1.5.    The  effect  of  changing  the  protein  can  be  seen 

by  comparing  the  caloric  value  of  a  series  of  optimal  food  combinations 
with  the  protein  rising  from  0  to  2  gm.  per  kg.    (See  Table  2). 

It  will  be  observed  that  for  each  gram  of  glucose  that  can  be 
utilized  in  the  body  there  are  18  calories  in  the  optimal  food  combina- 
tion as  here  calculated.  Each  gram  of  ])rotein  in  the  food  supply, 
subtracts  3  calories  from  the  optimal  number.  For  mental  calculation, 
if  one  knows  that  a  patient  can  actually  utilize  a  certain  number  of 
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grams  of  glucose,  take  this  number  times  seventeen  as  the  approximate 
number  of  calories  that  he  will  be  capable  of  using  at  best  without 
glycosuria  or  acetonuria  if  the  diet  is  most  favorably  balanced.  Then, 
knowing  the  patient's  weight  the  severity  or  mildness  of  the  situation 
becomes  apparent. 

REPORT     OF     CASE 

To  illustrate  practical  aspects  of  the  principles  discussed,  the  follow- 
ing case  will  be  found  of  interest. 

A  Greek,  aged  26.  was  admitted  to  the  hospital  as  an  emergency  case.  He 
was  very  weak,  languid  and  emaciated ;  body  weight  45  kg.  There  was  a  flush 
on  the  face,  and  the  respirations  were  slightly  increased  when  quiet  in  hed.  The 
plasma  carbon  dioxid  was  23.9  volumes  per  cent,  by  Van  Slyke.  The  breath 
smelled  of  acetone  and  the  urine  contained  large  quantities  of  sugar  and 
acetone  bodies.  He  had  the  symptoms  and  signs  which  are  commonly  taken 
to   indicate  a  very  severe  case  of  diabetes. 

TABLE  2. — Showing  Optimal  Food  Combixatioxs  Whkx   G  =  100  Gm.    (ix 

THE    Equation    G  =  C -+- .58  +  .1    F)  ;    Whex    FA:    G=1.5;    axd    Whex 

THE  Proteix   Is  0.  25,  50,  75  axd   100  Gm.    (i.e.  0;    1.0;    1.5;   axd  2.0 

Gm.  Per  Kg.  for  a  Bodv  Weight  of  50  Kg.) 


Difference 

P. 

C. 

F. 

Calories 

in  Calories 

(1) 

*0.000 

83.333 

166.666 

\S33.327 

76.25  (2)-(n 

(2) 

25.000 

70.208 

152.916 

1757.076 

76.26  (3)-(2) 

(3) 

50,000 

57.083 

139.166 

1680.826 

76.25  (4)-(3) 

(4) 

75.000 

43.958 

125.416 

1604.576 

76.25  (5) -(4) 

(5) 

100.000 

30.833 

111.666 

1528.331 

*  No.  1  is  hypothetical  and  could  only  be  •  considered  as  the  nonprotein 
fraction   of   a   larger   combination. 

First  Stage:  He  was  put  to  bed  with  artiticia!  warmth  and  placed  on  a  diet 
of  400  gm.  of  5  per  cent,  vegetables  with  clear  broth  and  plenty  of  water.  But 
after  four  days,  he  still  passed  32  gm.  sugar  in  tiie  urine  with  acetone  and  2.3 
gm.  ammonia.  His  temperature  on  the  fourth  day  ranged  from  96.4  to  97.6  F. ; 
the  pulse  from  56  to  60,  and  he  was  so  weak  that  it  was  not  deemed  sate  to 
continue  the  effort  to  desugari/o  at  that  time.  Tiiis  onded  the  tirst  stage  of 
management. 

Second  Stage:  lie  was  then  uiwn  tor  \'\\v  da>  s  a  dift  ct»ntaining  114  gin. 
carbohydrate,  45  gm.  protein.  15  gni.  tat  and  7()()  calorit-s.  (1  tor  this  diet  is 
142  gm.  During  these  five  days  he  excrete*!  on  tiie  a\eragv-  S3  vim.  glucose  per 
day.  so  that  he  was  disposing  of  about  67  gm.  glucose  per  day  from  tiie  diet 
alone.  His  general  condition  improxed  and  lu>  w.is  then  de>ugari;red  by  two 
days  of  complete  fasting.  Having  reinaine<l  suyar  "free"'  for  one  day.  lie  was 
then  given  400  gm.  vegetables  of  the  j^rcnip  that  contains  n(»t  over  5  per  cent. 
of  carbohydrate  plus  1  liter  of  clear  broth.  This  diet  contained  12  tjni.  carbo- 
hydrate, 14  gm.  protein  and  104  calories,  and  G  is  20  gm.  But  he  promptly 
showed  sugar  in  the  urine  and  was  again  desugari/cd  by  (^ne  day  of  fasting 
The  patient  had  just  manifested  liis  ability  actually  to  utilise  at  least  67  gm. 
glucose,  yet  the  mere  feeding  of  a  diet  that  could  yield  but  20  gm.  of  glucose 
in  the  body  induced  glycosuria. 
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Third  Stage:  The  urine  was  now  free  of  abnormal  quantities  of  sugar  and 
ooetone.  and  the  patient  was  given  a  liter  of  broth  and  200  gm.  of  the  fresh 
vegetables,  which  he  bore  without  glycosuria.  Then  he  received  400  gm.  greens, 
then  1  egg.  and  so  on  until  the  diet  contained  314  calories,  when  the  urine  again 
showed  sugar.  Again,  his  condition  was  such  that  it  was  unsafe  to  continue 
these  tactics  in  the  effort  to  maintain  him  in  the  sugar  "free"  state.  Three 
weeks  had  passed  and  three  successive  attempts  had  failed,  although  at  no  time 
had  the  diet  been  capable  of  introducing  into  the  body  as  much  glucose  as  the 
patient  had  'actually  utilized  on  the  760  calories  diet  of  the  second  stage. 

Fourth  Stage:  He  was  given  a  diet  that  contained  92  gm.  carbohydrate,  103 
gm.  protein,  70  gm.  fat  and  1,416  calories.  G  for  this  diet  is  159.  He  was  on 
this  diet  for  two  weeks  and  excreted  on  the  average  50  gm.  glucose  per  day. 
Thus,  he  was  actually  utilizing  about  109  gm.  glucose  per  day.  His  condition 
was  much  improved  and  he  was  then  desugarized  by  two  days  of  fasting. 

Fifth  Stage:  He  was  now  in  the  sixth  week  of  management,  free  of  glyco- 
suria and  acetonuria  after  his  third  desugarization,  and  the  attempt  was  again 
made  to  build  up  his  diet  gradually.  But  at  780  calories  glycosuria  recurred.  A 
fourth  desugarization  by  fasting  was  followed  by  another  attempt,  but  glyco- 
suria developed  with  a  diet  of  1,000  calories.  He  was  desugarized  a  fifth  time 
and  again  broke  over  at  1,000  calories.  Nine  weeks  had  elapsed.  He  was  then 
established  on  a  diet  of  953  calories,  with  which  he  remained  sugar  "free." 
The  diet  now  contained  50  gm.  carbohydrate,  67  gm.  protein  and  56  gm.  fat, 
with  G  =  88.  The  plasma  carbon  dioxid  was  60  volumes  per  cent.  There  was 
no  abnormal  quantity  of  acetone  in  the  urine  and  the  urinary  sugar  as  measured 
by  the  method  of  Benedict,  Osterberg  and  Neuwirth  showed  454,  515,  486,  425, 
494,  and  400  mg.,  respectively,  per  day  on  six  successive  days  (tenth  week). 

At  22  calories  per  kg.,  even  with  a  subnormal  basal  rate,  this  was 
barely  a  maintenance  diet  and  it  was  apparent  that  unless  something 
Ijetter  could  be  done  the  outlook  for  the  patient  was  hopeless.  Much 
had  been  written  about  the  harmful  influence  of  too  much 
protein  in  the  diabetic  diet.  Naunyn,  von  Noorden,  Falta  and  others 
have  emphasized  the  necessity  of  keeping  the  protein  of  the  diet  within 
limits.  A  new  interest  had  been  given  this  subject  by  the  recent  report 
of  Newburgh  and  Marsh.  We  decided  to  test  this  idea  to  its  limit. 
So  the  patient  was  placed  as  nearly  as  might  be  in  a  state  of  specific 
protein  hunger. 

Sixth  Stage:  The  diet  was  made  up  exclusively  of  rice  and  butter  to  contain 

24  gm.  carbohydrate,  2.5  gm.  protein,  102  gm.  fat,  and  1,024  calories.  The 
calories  were,  therefore,  a  little  higher  than  he  had  yet  been  able  to  receive 
without  glycosuria.  He  was  placed  on  this  diet  and  remained  sugar  free  with 
excretions  of  305,  400,  370,  and  392  mg.  respectively,  on  the  four  following  days. 
There  was  no  acetonuria.  Now,  the  diet  was  rapidly  increased;  first  by  addi- 
tions of  rice  alone ;  then  by  butter  and  rice  together.  In  ten  days  it  contained 
84  gm  carbohydrate,  11.5  gm.  protein,  162  gm.  fat  and  1,837  calories.  The  urine 
at  no  time  contained  acetone  and  during  these  ten  days  had  contained  308, 
359,  384,  317,  545,  335,  439,  330,  486  and  333  mg.  respectively,  of  sugar.  But  the 
patient  was  not  in  nitrogen  equilibrium.  The  urinary  nitrogen  was  extremely 
low  yet  it  alone  was  exceeding  that  of  the  diet  by  about  1  gm.  daily.  So  two 
eggs  were  added  to  the  diet  which  made  it  contain  carbohydrate  84  gm.  protein 

25  gm.  (or  0.6  gm.  per  kg.),  fat  174  gm.  and  calories  2,000.  On  this  (if  the 
stools  were  neglected),  the  patient  came  into  nitrogen  balance. 
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Thus,  after  nine  weeks  of  trial,  tlie  ordinary  practice  of  under- 
nutrition liad  failed  to  establish  the  patient  in  the  nondiahetic  state 
with  more  than  953  calories,  whereas  after  two  weeks  of  the  rice-buiter 
diet  the  calories  had  more  than  doubled  and  the  carl)ohvdrate  had 
been  increased  to  60  per  cent.  This  seemed  like  a  miracle.  The  S4  o^m. 
carbohydrate  when  served  in  the  form  of  boiled  rice  made  a  luass  o{ 
about  400  g-m.  which  was  all  that  the  patient  would  eat.  The  contrast 
between  the  trays  that  now  came  to  him  and  those  that  he  had  formerly 
had  aroused  many  remarks  in  the  ward.  Surely,  it  mio^ht  seem  that 
there  were  merits  in  protein  deprivation.  This  is  the  tyjx'  of 
result  that  astonished  von  Noorden  when  he  tirst  used  his 
oatmeal  cure.  It  is  the  type  of  result  that  has  made  the 
reputation  of  the  von  Duering  rice  "cure."  the  Mosse  potato  "cure." 
the  Falta  cereal  "cures."  However,  it  we  examine  this  diet  according 
to  the  equation  and  take  the  grams  of  carbohydrate  plus  0.5S  of  the 
grams  of  protein,  plus  0.1  of  the  gram  of  fat,  w'e  find  that  (i  is  116  gm.. 
and  it  will  be  remembered  that  in  the  fifth  stage  the  patient  had  shown 
his  ability  to  utilize  109  gm.  glucose  although  at  that  time  he  had  not 
remained  sugar  ''free."  He  was  not  now  doing  much  more.  The  cjues- 
tion  aro.se  as  to  what  would  have  happened  had  the  high  protein  diet  of 
the  fifth  .stage  had  a  value  for  (i  less  than  116. 

Seventh   Stage:    A   diet   was  composed   to   contain  28  gm.  carbohydrate,    118 

gm.    protein    (2.7   gm    per   kg.    instead    of  0.6   gm.).  and    160   gm.    fat.     Total 

calories.   2,024    (as   against   2,000),     G    for   this   diet  is    112.     The   jiatient    was 

given  this  diet  and  remained  sugar  free  and  free  of  acetonuria.     He  remained 

on   it   for  eight   days   when   it   was   increased   to   find  his   tolerance   Hmit.     This 
was  fonnd  to  I)e  119  to  120  gm. 

INTKKPRKT.ATION 

Clearly,  the  merit  of  the  rice-btuter  diet  had  not  lain  simply  in  its 
low  content  of  j)rotein.  h\)ur  times  as  much  ]>rotein  had  not  been 
incom])atible  with  a  result  a])parently  jtist  as  good.  In  retrospect  it  is 
clear  that  the  j)atient  had  shown  from  the  second  stage  on  the  inherent 
ability  to  utilize  a  goodlv  amount  of  glucose.  Mis  nclual  loler.ince  was 
])robably  higher  on  the  last  day  than  it  was  on  the  se\enth  but  as  early  as 
the  fourth  week  he  had  burned  aliuost  as  much  glucose  as  he  ever  did 
later,  .so  it  can  not  be  held  that  the  final  result  was  sim])ly  made  j)ossible 
by  a  rising  tolerance.  Notwithstanding  his  manifest  ability  to  burn 
glucose,  he  had  re])eatedly  shown  glycosiuia  on  very  low  diets  that 
were  incajjable  of  introducing  into  his  body  as  much  glucose  as  he 
was  able  to  burn,  ])ara(loxical  as  it  may  seem.  This  tends  to  encourage 
specidation.  ."^hall  we  sav  that,  beiaiise  of  the  general  emaciation. 
the  starved  kidneys  had  become  abnormally  permeable  to  sugar,  that 
the  "renal  threshold   for  sugar"  was  lowered,  introducing  an  element 
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of  "kidney  diabetes"?  Or,  shall  we  evade  the  issue  and  say  that  in 
such  cases  the  .attempt  should  not  be  made  to  maintain  the  patient  in 
the  nondiabetic  state;  that  such  patients  should  be  fed  and  allowed 
to  run  sugar  until  they  are  stronger,  in  spite  of  all  that  we  know  of 
the  power  of  an  excess  of  glucose  to  diminish  tolerance.  Shall  we 
entertain  the  idea  that  a  diabetic  may  burn  more  sugar  if  he  is  given 
an  excess  than  he  can  if  he  is  given  just  the  quantity  that  he  can  utilize 
without  glycosuria?  I  should  say  no,  these  ideas  are  based  on  miscon- 
ceptions of  the  food  supply  of  the  diabetic.  It  was  clear  in  this  case, 
from  the  ezrnts  that  followed,  that  the  patient  could  be  given  every 
gram  of  glucose  that  he  was  capable  of  burning  under  any  circumstances 
and  still  be  kept  from  showing  glycosuria,  provided  his  food  supply  were 
suitably  adjusted. 

Earlier  in  the  paper  emphasis  was  laid  on  the  necessity  of  con- 
ceiving the  food  supply  of  the  diabetic  patient  as  coming  from  the 
tissues  as  well  as  from  the  diet,  especially  when  the  diet  falls  below 
the  maintenance  requirements  of  the  body.  In  the  present  case,  we 
are  dealing  with  such  a  situation.  All  of  the  low  diets  that  aroused 
wonder  because  they  induced  glycosuria,  even  though  incapable  of 
introducing  into  the  body  as  much  glucose  as  the  body  could  burn,  were 
diets  that  failed  to  meet  maintenance  requirements.  Consequently, 
when  these  diets  were  being  used,  the  patient  was  drawing  a  greater 
or  smaller  part  of  his  food  supply  from  his  tissues.  It  is  not  only 
necessary  in  general  to  consider  the  supply  of  food  from  the  tissues,  but 
to  consider  the  kind  and  quantities  of  foods  that  will  be  supplied  by  the 
tissues  of  the  particular  case  in  hand.  When  a  patient  is  thrown  back 
on  his  own  tissues  for  food,  he  can  only  draw  on  the  materials  that 
are  there.  As  emphasized  by  the  quotation  from  Lusk,  when  in  fast- 
ing the  body  contains  much  fat,  much  fat  burns  and  little  protein; 
when  there  is  little  fat  in  the  body,  little  fat  burns  and  much  protein; 
when  there  is  no  fat,  protein  alone  burns.  But  whatever  the  composi- 
tion of  the  body,  something  burns  while  life  persists.  This  patient  had 
very  little  fat  in  his  body,  and  the  quantity  of  glycogen  was  certainly 
negligible.  Therefore,  when  this  patient  fasted,  he  must  have  pro- 
duced much  of  his  heat  from  protein.  He  weighed  43  kg.  If  in  fasting 
he  had  produced  only  15  calories  per  kg.,  this  would  have  totaled  645 
calories,  an  amount  of  energy  contained  in  161  gm.  protein.  If  he 
catabolized  this  weight  of  protein,  he  would  liberate  58  per  cent,  of 
this  weight,  or  93  gm.  glucose.  Then,  had  he  at  this  time  the  ability  to 
burn  109  gm.  glucose,  the  addition  of  20  gm.  from  the  diet  would 
probably  cause  glycosuria.  Unfortunately,  in  this  case  the  basal  meta- 
bolic rate  and  the  urinary  nitrogen  were  not  actually  determined  during 
the  fasting  periods.    But  the  literature  contains  many  references  to  the 
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**azoturia''  of  emaciated  diabetics,  and  there  can  be  no  doubt  that  in 
such  a  case  as  this  fasting  induces  a  marked  protein  loss.  Thus,  fasting, 
in  the  case  of  a  sufficiently  emaciated  patient,  is  the  equivalent  of  a 
pure  protein  ration.  In  another  case,  with  plenty  of  fat  in  the  body, 
it  is  quite  different  as  much  tissue  fat  will  burn  and  much 
less  protein.  It  was  pointed  out  earlier  that  the  ingestion  of 
fat  by  a  fasting  individual  who  already  has  plenty  of  fat  in  his 
body  has  very  little  effect  on  the  protein  metabolism.  If  too  much  fat 
is  ingested,  it  may  increase  acidosis  and  increase  the  protein  loss  but 
in  the  right  quantities  it  simply  replaces  tissue  fat.  But,  if  the  body 
fat  is  already  depleted  and  if,  as  a  result  of  this  the  protein  breakdown 
has  already  become  excessive,  then  the  ingestion  of  fat  will  retard  the 
prevailing  protein  breakdown  and  reduce  it  to  a  lower  level.  Thus 
in  the  emaciated  individual,  the  ingestion  of  fat  spares  protein. 
In  this  diabetic  patient,  in  this  particular  state,  the  feeding  of 
enough  fat  should  reduce  the  protein  catabolism  and  thereby 
reduce  the  quantity  of  glucose  thrown  into  circulation.  When 
he  was  given  the  rice-butter  diet  he  received  at  once  102  gm.  fat  for 
918  calories,  almost  enough  to  replace  his  mmimal  fasting  caloric 
requirements,  and  this  put  a  rapid  quietus  on  the  excessive  protein 
breakdown.  The  quantity  of  glucose  from  protein  having  thus  been 
cut  down,  there  was  then  opportunity  to  introduce  more  carbohydrate 
in  the  diet  which  further  su])pressed  the  protein  breakdown  TJie 
principal  reason  ivhy  this  diet  operated  so  zvcll  z^'os  because  of  its 
content  of  fat  and  because  the  body  was  so  depleted  in  fat  at  tJie  time 
when  it  was  gizrn.  The  patient,  was  in  a  state  of  extreme  fat  starvation. 
When  in  the  sixth  stage  of  management  the  patient  did  equally  well  on 
a  low  carbohydrate  high  protein  diet  this  was  because  the  combined 
carbohydrate  .and  protein  of  that  diet  introduced  into  the  body  no  more 
glucose  than  had  formerly  come  from  the  combined  carbohydrate  and 
protein  of  the  rice-butter-egg  combination,  and  because  this  diet  also 
contained  enough  fat  to  prevent  endogenous  factors  of  food  su])ply 
from  coming  into  action.  Thus,  it  will  he  seen  how  the  administration 
of  a  diet  jn  excess  of  maintenance  recpiirements  may  under  certain 
conditions  actually  reduce  the  quantity  of  glucose  in  circulation  in  the 
body.  Were  the  fat  dro])ped  out  of  ihese  last  two  diets,  more  glucose 
would  be  thrown  into  metabolism  by  the  increased  breakdown  of 
tissue  protein  induced  by  the  lowering  of  the  diet.  This.  1  take  it.  is  the 
explanation  of  a  certain  type  of  glycosuria  which  develoj)s  with  i)ro- 
longed  undernutrition.  I  have  seen  a  patient  with  diabetes  similar  to  this 
one  who  could  not  be  desugarized  at  all  by  fasting,  but  who  cleared 
prom])tly  when  enough  fat  had  been  added  to  the  diet  with  no  other 
changes.  This  man.  in  fasting,  cataholized  so  much  protein  that  his 
protein  sugar  overtaxed  this  tolerance  limit. 


THE    LAW    OF    PROBABILITY    APPLIED    TO    THE 
FORMATION  OF  FATS  FROM  CARBOHYDRATES^ 


BY   EDGAR   J.    WITZEMANN 

In  considering  the  possible  mechanism  of  the  formation 
of  fatty  acids  in  living  organisms  there  are  certain  outstanding 
fundamental  facts  which  must  be  taken  into  account.  Five 
important  facts  of  this  kind  follow: 

(i)  The  fats  in  plants  are  almost  altogether  synthesized 
from  carbohydrates.  The  same  is  largely  true  in  most  ani- 
mals. 

(2)  The  carbohydrates  involved  are  largely  hexoses  or 
their  polymers,  since  these  are  most  abundant.  In  animals 
glucose  and  glycogen  alone  are  involved  so  far  as  is  known. 

(3)  The  fatty  acids  occurring  in  plants  and  animals  are 
almost  solely  composed  of  those  acids  having  an  even  num- 
ber of  carbon  atoms  in  their  chains. 

(4)  The  fat  stores  are  composed  almost  entirely  of  acids 
having  long  chains  with  eighteen  carbon  atoms. 

(5)  Oleic  acid  is  the  principle  unsaturated  acid  occurring 
in  vegetable  and  mineral  fats.  The  other  unsaturated  acids 
are  quantitatively  of  isolated  or  much  less  importance. 

Taking  the  above  facts  into  account  two  general  types  of 
hypotheses  have  been  developed  concerning  the  chemical 
mechanism  of  the  formation  of  fatty  acids. 

A.  They  are  built  up  mainly  from  short  carbon  chains 
(less  than  six). 

B.  They  are  built  up  mainly  from  units  of  six  carbon 
atom  chains. 

In  the  first  hypothesis  (3)  above,  namely  that  the  acids 
contain  an  even  number  of  carbon  atoms,  has  received  undue 
emphasis.  Most  of  the  meagre  direct  chemical  data  has  been 
marshalled  in  support  of  this  type  of  hypothesis.      Thus  the 


'  Contribution  from  the  Otlio  S.  A.  Sprajs'tu-  Memorial  Institute,  Rush 
Medical  College,  Chicago.  III. 
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recent  theory  of  Magnus-Levy^  is  based  on  the  intermediate 
formation  of  acetaldehyde  in  order  to  explain  the  formation 
of  butyric,  caproic  and  acetic  acids  in  liver  autolysis.  The 
sugar  is  thought  to  decompose  into  lactic  acid  which  in  turn 
gives  carbon  dioxide,  hydrogen  and  acetaldehyde.  Buchner 
and  Meisenheimer,"  Nencki,^  H.  St.  Raper*  and  Euler''  have 
advocated  somewhat  similar  ideas,  which  were  extended  in  some 
respects,  especially  by  Euler.  Ida  Smedley^  pointed  out  the 
possible  importance  of  the  condensation  of  acetaldehyde  with 
pyruvic  acid  thus,  for  example : 

(i)  CH3.COH  -f  CH3COCO2H  -^  CH3CHOHCH2COCO2H, 

(2)  CH3CHOHCH2COCO2H  +  O  — ^  CH3CHOHCH2CO2H  +  CO2, 

(3)  CH3CHOHCH2CO2H  —  H2O  -^  CH3CH  :  CHCO2H. 

Although  the  above  types  of  hypotheses  all  represent  re- 
actions that  can  or  do  take  place  they  fail  in  important  respects 
to  account  for  certain  facts.  For  instance,  why  should  the 
greater  portion  of  fats  be  made  up  of  Cig  acids  if  acetaldehyde 
and  pyruvic  acid  are  intermediate  compounds  in  their  forma- 
tion? Why  should  not  intermediate  short  chain  acids  espe- 
cially occur  more  largely  if  they  are  intermediate  stages  in  the 
formation  of  the  typical  Cig  acids? 

In  emphasizing  the  fact  that  fatty  acids  occurring  in 
nature  contain  only  an  even  number  of  carbon  atoms,  the 
other  fundamental  facts  given  above  are  disregarded.  These 
facts  may  be  graphically  summarized  by  the  statement  that 
six  carbon  atom  sugars  give  rise  to  eighteen  carbon  atom  fatty 
acids.  This  statement  gives  emphatic  emphasis  to  the  arith- 
metical relation  of  the  number  of  carbon  atoms  in  the  com- 
pound transformed  and  in  the  final  product.  Emil  Fischer' 
has  utilized  this  fact  clearly  in  his  hypothetical  interpreta- 
tion of  the  formation  of  fats  from  sugar. 

1  Arch.  Anat.  Phys.,  Phys.  Abt.,  1902,  365. 

2  Ber.  deutsch.  chem.  Qes.,  43,  1773  (1910). 

3  Ibid,,  10,  1033  (1877)- 

*  Proc.  Chem.  Soc.,  23,  235  (1907);  Jour,  Physiol.,  32,  216  (1906). 

'  Manzenchemie,  II,  212  (1909). 

'  Zentr.  Physiol.,  26,  915  (1912);  Jour.  Physiol.,  Dec.  (1912). 

^  Untersuchung  iiber  Kohlenhydrate  und  Fermente,  no  (1884-1903). 
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"In  order  to  derive  stearic  and  oleic  acids,  which  occur 
combined  with  glycerol  in  most  fats,  from  sugar,  it  is  only 
necessary  to  assume  that  three  molecules  of  the  latter  are 
joined  through  their  aldehyde  groups  as  occurs  with  formalde- 
hyde in  the  synthesis  of  sugar.  Then  a  molecule  of  1 8  carbon 
atoms  would  result  in  which  only  a  transposition  and  removal 
of  oxygen  is  necessary  in  order  to  produce  these  acids."       *     * 

"For  palmitic  acid  with  16  carbon  atoms,  which  also  oc- 
curs abundantly  in  fats,  the  same  explanation  w^ould  be  ade- 
quate if  one  molecule  of  hexose  and  two  molecules  of  pentoses 
which  occur  so  abundantly  in  plants  were  brought  together; 
moreover,  it  is  also  possible  that  it  is  formed  from  a  system 
with  18  carbon  atoms  by  splitting."  *  *  *  "If  the  sugar 
molecule  is  not  completely  broken  up  in  the  formation  of  fat, 
which  I  consider  improbable,  one  may  expect  that  the  sugars 
with  different  carbon  content  will  give  rise  to  differently 
constituted  fats." 

Little  or  no  laboratory  experimental  data  is  at  hand  to 
support  this  hypothesis  but  some  of  the  biological  data  seems 
ummistakably  clear  in  its  support.  The  transformation  of 
sugars  and  carbohydrates  of  unripe  oil  seeds  into  fat^  appears 
to  be  quite  direct.  The  results  of  Gierke's  experiments'-  give 
even  clearer  support.  He  found  in  guinea  pigs  that  fat  tissue 
which  normally  is  free  from  glycogen  on  the  second  and  third 
days,  when  they  are  heavily  fed  on  carbohydrates,  contains 
much  glycogen  on  the  eighth  day.  In  fasting  or  in  extended 
feeding  periods  the  glycogen  disappeared  from  the  fat  cells 
by  the  fourteenth  day. 

However,  this  hypothesis,  even  in  the  absence  of  definite 
chemical  data,  commends  itself  for  its  simplicity  and  it  was 
therefore  of  interest  to  learn  whether  there  are  any  other  con- 
siderations that  can  be  enlisted  in  its  support. 

If  fatty  acids  are  built  up  two  carbon  atoms  at  a  time,  as 
suggested  by  the  first  hypothesis,  it  follows  that  since  the  over- 


•  Cf.  for  instance  F.  Czapik:  Hioduinir  dtr  Pflanzcn,  2tnl  lui.,  p.  742, 
ct  scq. 

'  Verb.  (1.  pathol.  (Ws.,  1906,  1H2. 
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whelming  proportion  of  all  fatty  acids  found  everywhere  are 
C18  acids,  there  must  be  a  reason  for  the  synthesis  proceeding 
to  this  point  and  then  stopping  just  there.  Such  a  reason 
could  be  supplied  by  a  sufficiently  sharp  change  in  some  phys- 
ical property  that  regulates  the  synthesis.  But  such  a  sharp 
change  is  not  known.  In  fact  the  fatty  acid  series  is  one  of 
the  homologous  series  in  organic  chemistry  most  noted  for 
regular  and  gradual  transition  in  physical  properties  on  mov- 
ing up  or  down  the  series.  In  the  absence  of  such  a  change 
or  discontinuity  in  properties  the  synthesis  of  fatty  acids  by 
the  addition  of  two  carbon  atoms  at  a  time  becomes  amenable 
to  the  law  of  probability  for  any  given  set  of  chemical  condi- 
tions. Thus  if  we  accept  the  statistical  fact  of  Cig  acids  being 
in  the  preponderance  in  fats  these  acids  become  our  "bull's 
eye"  in  discussing  their  formation  from  this  point  of  view. 

Accurate  information  as  to  the  quantitative  occurrence  of 
the  various  fatty  acids  is  not  available,  but  a  qualitative  esti- 
mate on  the  basis  of  such  information  as  is  obtainable  from 
the  handbooks,  etc.,  gives  a  curve  such  as  that  represented 
by  the  solid  line  in  Fig.  I.  Now,  on  connecting  up  the  points 
which  represent  the  relative  abundance  of  the  various  acids 
instead  of  obtaining  a  smooth  descending  curve  on  both  sides 
of  C18,  the  curve  shows  prominences  at  C12,  C24,  etc.,  which 
do  not  conform  to  the  typical  probability  curve.  If,  however, 
the  prominences  are  connected,  as  in  the  dotted  line  in  the  figure 
the  typical  probability  curve  is  obtained.  Moreover,  the 
number  of  carbon  atoms  at  the  prominences  are  all  divisible 
by  six  and  this  suggests  the  direct  relation  to  the  parent  hexose 
sugars  provided  by  Emil  Fischer's  hypothesis. 

Accordingly,  the  data  when  assembled  and  judged  in  terms 
of  the  law  of  probability,  appear  to  be  against  the  first  type  of 
hypothesis  and  to  support  the  second  hypothesis. 

Moreover  by  this  view  of  it  it  becomes  possible  to  explain 
why  the  major  portion  of  fatty  acids  should  have  eighteen 
carbon  atoms.  If  these  acids  are  built  up  six  carbon  atoms  at 
a  time  the  first  complex  C12  is  still  sufficiently  soluble  either 
as  the  disaccharide  or  as  the  C12  acid  to  react  rapidly  with 
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another  Ce  unit  to  give  Cis  either  as  the  trisaccharide  or  the 
Ci8  acid.  But  in  both  cases  the  Cis  compound  is  much  less 
soluble,  and  presumably  less  reactive,  than  the  smaller  Ce 
or  Ci2  units  so  that  higher  acids  would  not  be  formed  rapidlv 
from  Ci8  units.  Here  we  have  a  sufficiently  large  change  in 
physical  properties  when  dealing  with  6  carbon  units  to  easily 
account  for  the  non-formation  of  large  amounts  of  fatty  acids 
containing  more  than  eighteen  carbon  atoms. 
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The  smaller  occurrence  of  the  intermediate  acids,  such 
as  Cio,  Cu,  Ci„,  etc.,  may  be  due  to  the  fact  that  they  are 
formed  from  higher  unsaturated  acids  by  loss  of  two  or  more 
carbon  atoms  or  by  such  syntheses  as  those  involved  in  the 
first  hypothesis.  The  ap])arent  anomalously  large  occurrence 
of  palmitic  acid  (d.,)  may  be  accounted  for  ])y  the  known 
fact  mentioned  above  that  oleic  acid  undergoes  a  transforma- 
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tion  at  the  a-  and  /^-carbon  atoms  to  give  palmitic  acid  and 
another  product.  This  type  of  reaction  occurs  for  instance 
in  the  treatment  of  oleic  acid  with  strong  alkali. 

In  conclusion,  it  needs  merely  to  be  said  that  even  the 
qualitative  application  of  the  law  of  probability  appears  to 
rationalize  the  problem  of  the  mechanism  of  the  formation 
of  fatty  acids  from  sugars  in  an  interesting  way.  If  true,  the 
suggestion  herein  given  constitutes  a  different  biological  ap- 
plication of  the  probability  law  from  that  known  in  biology 
as  Quetelet's  Law  of  Fluctuating  Variation. 
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OXIDATION  OF  BUTYRIC  ACID  WITH 

HYDROGEN   PEROXIDE. 
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Research,  Rush  Medical  College,  Chicago.) 

(Received  for  publication,  July  IS,  1921.) 

The  results  described  in  this  paper  })ring  to  ]ip;ht  what  appears 
to  be  a  specific  effect  of  ammonium  hydroxide  on  the  oxidation 
of  butyric  acid  by  hydrogen  peroxide.  The  results  are  of  such 
a  nature  that  it  appears  that  they  aid  in  interpreting  fatty  acid 
oxidation  in  acidosis  of  the  diabetic  type. 

The  experiments  here  described  grew  out  of  a  discordance 
between  the  author's  own  previous  results^  on  the  influence  of 
varying  amounts  of  potassium  hydroxide  on  the  oxidation  of 
butyric  acid  with  hydrogen  peroxide  and  those  of  Dakin^  on  the 
oxidation  of  ammonium  butyrate  w^ith  hydrogen  peroxide.  In 
my  own  experiments  it  was  found  that  the  acetone  yield  increased 
as  the  amount  of  potassium  hj^lroxide  present  diminished,  but 
was  never  large.  Dakin  did  not  vary  the  amount  of  ammoniuui 
hydroxide  used,  but  obtained  many  times  as  much  acetone  a-; 
was  obtained  under  similar  conditions  with  potassium  hydroxide 
in  my  own  experiments.  Under  these  conditions,  it  seemed 
advisable  to  run  simultaneous  comparative  experiments  on  the 
influence  of  ammonium  and  potassium  or  sodium  hydroxides, 
particularly  since  specific  effects  of  the  salts  of  these  bases  on 
biological  processes  have  become  better  known  since  the  time  of 
Dakin's  pubhcations.'  Both  Dakin's  and  my  own  previous 
experiments  were  fully  confirnHMl.     The  new  exj)eriments  devcl- 

1  Witzcmann,  K.  J.,  ./.  Jiiol.  Chm.,  191S,  xxxv,  S;J. 

2  Dakin,  II.  D.,  ./.  liinl.  Chew.,  lUOS,  iv,  77. 

*Cf.  Amhv.Tii,,  S.,  and  llclniholz.  II.  F.,  ./.  Pharm.  and  Kxp.  Thrraji. 
1918,  xii,  19  for  (lata  and  many  refermccs. 
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oped  give  additional  interest  to  the  careful  experimental  studies 
of  Dakin  on  the  oxidation  of  butj^ic  acid.  On  the  basis  of  the 
results  descri})od  hero,  it  seems  not  impossible  that  he  was  study- 
ing the  actual  mechanism  of  fatty  acid  oxidation  in  the  diabetic 
type  of  acidosis,  or  at  least  a  mechanism  generically  related  to  it. 

EXPERIMENTAL. 

Methods  of  Analysis. — When  the  large  number  of  possible 
products  of  oxidation  of  butja-ic  acid  is  considered,  it  is  obvious 
that  a  complete  quantitative  analysis  by  the  crude  methods 
available,  even  for  such  of  these  compounds  as  are  chemically 
known,  is  still  out  of  the  question.  The  problem,  therefore, 
was  to  make  such  analytical  determinations  as  would  give  an 
unmistakable  indication  of  the  state  and  trend  of  the  oxidation. 
Suitable  simple  ways  of  determining  unchanged  butyric  acid, 
acetone,  and  carbon  dioxide  were  adopted  and  were  found  to 
give  the  needed  information. 

A  portion  of  the  oxidation  solution  (generally  100  or  110  cc), 
with  50  cc.  of  water  and  2  gm.  of  powdered  manganese  dioxide, 
was  placed  in  a  long  necked  distilling  flask  attached  to  a  long 
condenser.  It  is  necessary  to  use  some  catalyst  that  decom- 
poses peroxide  rapidly  so  that  the  results  may  be  comparable, 
but  especially  to  prevent  the  volatilization  of  the  peroxide,  which 
interferes  with  the  acetone  titration.  A  Wolff  bottle  connected 
by  means  of  an  adapter  constituted  the  receiver.  The  other 
tubulature  of  the  Wolff  bottle  was  connected  to  two  low  wide 
mouthed  wash  bottles.  Two  wash  bottles,  containing  sodium 
hydroxide  and  barium  hydroxide,  respectively,  were  attached 
to  the  distilling  flask.  During  distillation  a  suction  pump  attached 
at  the  lower  end  circulated  C02-free  air  into  the  apparatus  and 
transported  the  CO2  evolved  on  warming  the  mixture  in  the  flask 
into  the  barium  hydroxide  solution.  When  only  about  50  cc.  re- 
mained in  the  distilling  flask  distillation  was  interrupted.  The 
flask  contents  were  filtered  to  remove  the  manganese  dioxide,  the 
filter  was  washed,  about  50  cc.  of  water  were  added,  the  solution 
was  strongly  acidified  with  phosphoric  acid,  and  distillation  was 
resumed.  In  this  way  small  additional  amounts  of  CO2  were 
obtained  and  also  unchanged  butyric  acid  as  well  as  other 
volatile  acids  were  driven  over. 
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The  COo  foniHHl  was  (lotci-ininecl  hy  tiltcrin*;  off  and  weighing 
the  BaCOs  prot'i))itate(l.  The  acetone  was  tletenninecl  by  u^ing 
an  ahqiiot  ])oilion  of  the  (hstillate  for  the  Lieben  iodoform  titra- 
tion and  the  io  line  consumed  was  calculated  as  acetone.  This 
does  not  give  the  correct  amount  of  acetone,  since  other  iodo- 
fonn-pro(hicing  compounds  are  also  pres(Mit.  The  results,  how- 
ever, are  satisfactory  for  comparative  purposes. 

The  rapid  determination  of  unchanged  butyric  acid  in  the  dis- 
tillate, even  api:)roximately.  gave  more  difficulty  until  the  rough 
method  given  below  was  adopted.  The  other  possible  volatile 
acids  that  would  most  likely  interfere  are  pro})ionic,  acetic,  and 
formic  acids.  Foitunately,  all  these  acids  in  dilute  aqueous 
solutions,  such  as  were  uscmI  liere,  have  a  typical  form  of  volatility 
curve  as  was  shown  in  anothcu*  connection  in  a  previous  paper.' 
On  the  basis  of  these  curves  and  in  the  absence  of  a  ])etter  method, 
the  attempt,  was  made  to  utilize  this  characteristic  behavior  on 
distillation  Io  identify  tlie  main  volatile  acid  products  and  to 
determine^  them  approximately  at  the  same  time.'' 

In  order  to  determine  whether  this  volatility  curve  can  l)e  used 
for  the  determination  of  unchanged  i)utyric  acid  three  distilla- 
tions with  known  amounts  of  butyric  acid  were  carried  out.  .  The 
amount  of  butyric  acid  given  in  the  table  was  made  up  to  225  cc. 
with  distilI(Ml  water.  Four  fractions  of  "> )  cc.  were  distilled  off 
and  titrated  witli  O.l   v  NaOH. 
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More  concordant  results  tlian  these  were  rep(»at(idly  ()l)tained 
without  any  special  cai-e.  It  will  be  notinl  that  if  the  amount  of 
butvric  acid  had  b(»en  unknown  in  anv  case  it  could  have*  Ixmmi 


*  Witzcmanri,  K.  .1.,  ./    Am.  CIk  ni.  S„r.,  lOlO,  xli,  lOtS 

'  Duclaiix.  M..  Ann  rhnn.  i>li'/<.,  1S71,  ii.  2S0;  A'ln.  hi.sl.  Paslcur,  1895, 
ix,20.').  Upsorii,  F.  \V,.  Plum,  II.  M.  \u-\  Schott.  .f.  Iv.  /.  Am.  Chcm.  Soc, 
1917,  xxxix,  731. 
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determined  approximately  from  the  titration  values  in  the  other 
columns. 

The  results  are  given  graphically  in  Curves  I,  II,  and  III  in 
Fig.  1  for  comparison  with  the  curves  of  unknowns. 

The  method  proved  satisfactory  for  the  purposes  of  this  papcM- 
and  was  valued  because  the  detenniiiation  could  be  made  in  15 
or  20  minutes. 

The  data  on  the  butyric  acid  recovered  in  such  experiments  art^ 
of  especial  importance  for  two  reason.s.  (I)  They  enable  one  t(^ 
determine  approximately  how  much  oxidation  of  all  kinds  ha^ 
taken  place.  (2)  Acetone  is  subject  to  oxidation  in  alkaline^ 
solutions  with  hydrogen  peroxide^ and  the  acetone  found  would  not 
necessarily  be  a  satisfactory  index  of  the  amount  of  oxidation  that 
occurred.  Owing,  moreover,  to  the  fact  that  enolization  pro- 
cedes  oxidation  in  the  case  of  acetone^  the  velocity  of  this  oxida- 
tion of  acetone  would  probably'  be  greater  when  potassium  is 
used  than  when  ammonium  hydroxide  is  used  and  so  lower  yields 
of  acetone  would  be  expected  with  the  former.  The  data  as 
determined  prevent  any  such  misunderstanding  of  the  results. 

In  the  preliminary  qualitative  experiments  given  below  only 
the  first  distillation  was  carried  out  and  no  effort  was  made  to 
determine  the  unchanged  butyric  acid  and  the  carl)on  dioxido 
formed.  Later  the  methods  described  above  were  developed  and 
used. 

It  is  well  known  that  ammonium  reacts  in  various  ways  with 
hypochlorous  acid  and  alkali  hypochlorites,  hypobromites,  and  h>- 
poiodites  in  such  a  way  that  oxidation  of  ammonia  nvsults.  Tlii< 
process  is  apparently  perceptible  on  adding  O.l  x  iodine  solution  to 
a  solution  strongly  alkaline  with  sodium  hydroxide  containing  small 
amounts  of  annnonia.  Test  experiments  showed  tliat  altliough 
small,  the  error  due  to  such  reactions  in  the  titration  of  aciMoii  • 
was  increasingly  significant  as  the  amount  of  acetone  i)r('siMit 
diminished.  This  error  can  \)o  avoided  l)y  ad(hng  (^xccss  i)li()s- 
phoric  acid  to  th(*  (hstiljate  containing  ammonia  and  (hstilhng 
again.  Moreover,  if  the  excess  is  sufficient  the  l)utyric  acid  i^ 
quantitatively  recovered.      In   all   experimcMits    cpoi-UMl    in    tliis 

•Witzemann,  K.  J.,  ./.  Jiiol.  Chnn.,  IIHS,  xxxv,  S<) 
'Witzemann,  I^.  J.,  ./.  Am.  ('htm.  Soc,  1017,  xxxix,  '2i\.')7. 
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paper  10  cc.  of  syrupy  phosphoric  acid  were  used  in  this  extra 
distillation  for  the  removal  of  ammonia. 

For  the  sake  of  convenience  and  accuracy  the  butyric  acid  used 
in  all  experiments  was  converted  into  a  5  per  cent  aqueous  solu- 
tion so  that  5  cc.  corresponded  to  0.25  gm.  of  the  acid.  Similar 
solutions  of  ammonium,  potassium,  and  sodium  hydroxides 
were  prepared  of  which  5  cc.  corresponded  to  0.25  gm.  of  butjTic 
acid. 

Influence  of  Ammonium  Hydroxide. — In  the  following  experi- 
ments with  mixtures  of  butyric  acid  and  potassium  butyrate  no 
marked  difference  in  the  yield  of  acetone  was  observed.  Aqueous 
solutions,  100  cc.  in  volume,  containing  50  cc.  of  3  per  cent  hy- 
drogen peroxide  and  butyric  acid  as  given  below  were  allowed 
to  stand  42  to  45  hours  at  room  temperature  and  analyzed,  (a) 
Contained  0.25  gm.  of  butyric  acid  as  the  K  salt.  (6)  Contained 
0.20  gm.  of  butyric  acid  as  the  K  salt  and  0.05  gm.  of  free  butyric 
acid,  (c)  Contained  0.15  gm.  of  butyric  acid  as  the  K  salt  and  0.10 
gm.  of  free  butyric  acid,     {d)  Contained  0.25  gm.  of  free  butyric  acid . 

In  all  cases  the  iodine  consumed  by  the  distillate  corresponds 
to  about  0.001  to  0.002  gm.  of  acetone.  In  other  words,  the  ace- 
tone formed  is  practically  imperceptible  in  all  cases. 

A  similar  series  of  experiments  was  done  with  ammonium  buty- 
rate. The  ammonium  butyrate  was  prepared  by  neutralizing 
a  l)utyric  acid  solution  of  known  strength  with  ammonium  hy- 
ch'oxide  using  some  excess  of  ammonia.  100  cc.  of  solution  con- 
tained 50  cc.  of  3  per  cent  hydrogen  peroxide  and 

(1)  With  0.25  gm.  of  butyric  acidas\   •  , ,    ,  ^  moo  c 

^jj       .  >yielded  0.0133  gm.  of  acetone. 

(2)  With  0.20  gm.  of  butyric  acid  as] 

NH^  salt  and  0.05  gm.  of  free}-      "        0.0123 
butyric  acid 

(3)  With  0.15  gm.  of  butyric  acid  as) 

NH4  salt  and  0.10  gm.  of  free[       "       0.0053 
butyric  acid 

(4)  With  0.25  gm.   of  free  butyric 

acid 


0.0041 


These  results  show  that  the  presence  of  the  ammonium  radi- 
cal causes  a  marked  increase  in  the  yield  of  acetone.  This  result 
is  in  sharp  contrast  to  what  was  regularly  observed  with  potassium 
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butyrate  as  compared  with  butyric  acid,  as  .indicated  l\v  results 
such  as  those  given  above. 

Another  series  with  0.25  gm.  of  butyric  a- id  and  50  cc.  of  3  per 
cent  hydrogen  peroxide  in  100  cc.  of  sohition  and  containing 
ammonium  hydroxide  as  follows: 

(5)     With  50  cc.   of  XIl.OH  solution  yicMcd  0  OO'.m;  ^m.  of  Mcrtoiic. 

(.')  cc.  ^  O.'J")  jiin.  of  l)utyric    ;icitL> 
(G)     With   2.-)    cc.  of   XII^OH  solution  yielded  0  (K)7C.      

(7)  "      10     "     •'    XIl4(^H  "  "  0  (MM)!)      

0  007."^  

0  0093  ' 

(8)  "    7.5     ''    "   Nll4()H        "  "  0  0075  

(9)  "    0.25  "    "    XH4()H-       "  ''  0  (K)30  "    "        "    • 

(10)  ''   5.00   ''     "    XH^OH        "  "  0.(X)21      "     " 

0  (X)17     ''     " 

(11)  "   2.5    "   "  xiJ4()H      "         "        o.ooias 

(12)  "    0.0     ''    ''    XH4OH        "  "  0  (X)l<)     


0.00 1 


JO 


These  experiments  constitute  parts  of  three  different  series  in 
which  all  of  the  reagents  used  and  the  solution.^  for  titration  were 
different.  Although  there  is  apparently  considerable  variation^ 
the  results  conform  with  the  preceding  series.  The  results  with 
(5),  (6),  and  (7)  suggest  that  apparently  the  maximum  effect 
of  the  annnonium  hydroxide  is  b(>ing  exerted  since  the  increase 
in  the  acetone  is  nowhere  nearly  j^roportional  to  the  increase  in 
ammonium  hydroxide. 

Repetition  of  (5),  (0),  and  (10),  brought  out  the  fact  tiiat  after 
67  hours  at  room  temperature,  all  peroxide  had  disappeared  from 
(5),  all  but  a  trace  from  (()),  while  (10)  .still  contained  much  per- 
oxide. On  distilling  th(.'  mixtures  in  the  presence  of  2  gm.  of  man- 
ganese dioxide,  the  following  results  were  oblaintnl: 

(5)  0()1SS7  gin.  of  acetone  (11  5  per  rent  yield). 

(0)  0.025S   "   "    "    (15  7 I. 

(lOj  0  (K).')2;5  "   "    '*    (  :',  2 

By  means  of  other  exj)crimcnts  which  will  not  be  (lcscril)ed  here, 
it  was  found  that  amnioiiiuni  hydroxide*  catalyz(^s  th(»  raj)id  de- 
compo.sition  of  hydrogen  peroxicN'  while  potassium  hychoxide 
does  not  do  so.  Tlie  smaller  amount  of  oxidation  in  (5)  ms  com- 
pared witli  (('))  is  (hie  to  the  fnct  that  iiion^  oxygen  was  lost  into 
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the  air  in  the  latter  case.  This  simply  means  that  the  oxidation 
reaction  is  not  increased  at  the  sapie  rate  by  additional  ammonium 
hydroxide  as  the  decomposition  reaction  when  the  concentration 
of  the  other  components  remains  the  same. 

The  evolution  of  oxygen  is  visible  in  both  (5)  and  (6),  but  not 
in  (10). 

The  difference  in  the  effect  of  potassium  hydroxide  as  com- 
pared with  ammonium  hydroxide  is  strikingly  brought  out  by 
the  following  experiments  in  which  0.25  gm.  of  butyric  acid  and 
50  cc.  of  3  per  cent  hydrogen  peroxide  in  100  cc.  of  solution, 

(13)  With    5  cc.  of   KOH    solutionWielded  0.00109  gm.  of  acetone. 

(s  0.25  gm.  of  butyric  acid)| 

(14)  With    5  cc.  of  NH4OH  solution^       "      0.00126     "    " 

(3  0.25  gm.  of  butyric  acid)/  0.00193      "    " 

0.00377     "    "  " 

(15)  With  20  cc.  of  KOH  solution  "      0.00092     "    " 

(16)  "    20  "    "    NH4OH     "  "       0.00767      "    " 

0.00672     "    "  " 

0.0338       "    "  "* 

*  This  result  with  the  others  in  (16)  show  the  extreme  variations 
observed. 

The  results  with  (14)  and  (16)  vary  considerably  with  condi- 
tions, but  can  be  duplicated  for  any  set  of  conditions.  Those  for 
(13)  and  (15)  are  not  subject  to  marked  variations.  Moreover, 
on  standing  longer  than  2  days  the  results  for  (13)  and  (14)  de- 
viate farther  and  farther  as  the  slow  oxidation  in  (14)  progresses. 
The  final  result  in  (14)  after  standing  several  weeks  tends  to 
approach  the  highest  results  obtained  in  (16).  From  this,  one 
may  conclude  that  the  effect  of  ammonium  hydroxide  for  a  given 
time  interval  varies  in  the  same  way  as  the  concentration  and  is 
in  general  influenced  in  the  normal  way  by  those  factors  that 
regulate  the  velocity  of  chemical  reactions. 

Interpretative  Experiments. — In  order  to  determine  more  ac- 
curately What  happened  in  the  above  Experiments  15  and  16  with 
potassium  and  ammonium  hydroxide,  respectively,  were  repeated. 
After  standing  at  room  temperature  nearly  3  days  (16)  was  free 
from  peroxide  while  (15)  still  contained  unchanged  hydrogen 
peroxide.  The  evolution  of  oxygen  from  both  was  clearly  per- 
ceptible during  the  first  day  or  more. 
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When  (16)  was  analj^zed  by  the  methotl  described  above  0.0338 
gm.  of  acetone  or  a  20.6  per  cent  Weld  was  obtained.  With 
225  cc.  or  nine-elevenths  of  the  distillate  the  Volatihty  Curve 
IV  in  Fig.  1  was  obtained,  which  corresponds  to  a  recovery  of 
0.1331  gm.  or  52.4  per  cent  of  the  butj-ric  acid  used.  The  form 
of  the  curve  shows  that  some  lower  fatty  acid,  probal^ly  acetic 
acid,  was  present.  0.219  gm.  of  barium  carbonate,  equivalent 
to  0.047  gm.  of  carbon  dioxide  or  4.7  per  cent  complete  oxida- 
tion to  carbon  dioxide,  was  obtained.  If  it  is  assumed  that  all 
the  carbon  dioxide  arises  by  oxidation  of  butyric  acid  to  carbon 
dioxide  and  acetone  thus:  CH3CH2CH0CO2H  +  0-^(Mr3r()Cll3+ 
CO2  +  H2O,  then  the  carbon  dioxide  found  corresponds  to  a 
yield  of  18.8  per  cent  for  this  reaction. 

The  acetone  obtained  (20.6  per  cent)  and  the  butyric  acid 
recovered  (52.4  per  cent)  account  for  73.0  per  cent  of  the  butyric 
acid  used.  The  results  indicate  that  much  butyric  acid  was  oxi- 
dized in  the  presence  of  ammonia. 

When  (15),  containing  potassium  hydroxide  instead  of  ammon- 
ium hydroxide,  was  analj^zed  in  exactly  the  same  way  0.00396 
gm.  of  acetone  or  a  2.4  per  cent  yield  was  obtained.  0.018  gm. 
of  carbon  dioxide  as  barium  carbonate  was  obtained,  which  cor- 
responds to  1.8  per  cent  complete  oxidation  to  carbon  dioxitle 
With  nine-elevenths  of  the  distillate  the  Volatility  Curve  \', 
Fig.  1  was  obtained  which  corresponds  to  a  recovery  of  0.242 
gm.  or  96.8  per  cent  of  the  butyric  acid  used.  A  small  amount 
of  lower  acids  probably  acetic  was  also  pr:^sont  as  indicatinl  by 
the  slight  deviations  for  Fractions  3  and  4. 

The  total  recovery  of  butyric  acid  is  96. S  -}-  2.4  =  99.3  pcv  ctMit. 
The  results  indicate  that  ahnost  no  ])utyri('  acid  was  oxidized  in 
the  presence  of  potassium  hydroxide. 

From  the  two  precetling  exj)criinents.  one  iiiu^t  conclude  that 
ammonium  butyrate  is  nearly  50  per  ceiii  oxidized  under  those 
conditions,  while  potassium  butyrate  is  not  aj)pre('ial)ly  attacked. 

Influence  of  AvufumiiDn  Undroxidc  in  the  rrrscfirr  of  Potdssiuin 
Hydroxide. — As  an  interi)retation  of  tlie  icsuUs  dfv^cribed  al)ove 
it  might  be  suggested  that  in  sueii  (hlute  solutions  tlie  ammonium 
butyrate  is  largely  hycholyzed  in  (■oiui)aris()n  with  the  i)()tassium 
butyrate  and  that  tliis  fact  may  give  the  key  to  th(^  int(Mpre- 
tation.     In  order  to  determine  if  tliis  may  lie  true  some  experi- 
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ments  were  done  to  test  the  influence  of  the  simultaneous  pres- 
ence of  potassium  hydroxide.  On  this  basis  the  amount  of 
oxidation  occurring  could  be  expected, to  diminish  as  more  potas- 
sium hydroxide  was  added. 

Experiment  16  was  repeated  as  follows: 

(17).  The  same  as  Experiment  16  except  that  5  cc.  of  potassium 
hydroxide  (=  0.25  gm.  of  butyric  acid)  were  added. 

(18).  The  same  as  Experiment  16  except  that  10  cc.  of  the  same 
potassium  hydroxide  solution  were  added.  This  is  double  the 
amount  of  potassium  hydroxide  necessary  to  completely  neutralize 
the  butyric  acid  used. 

The  amount  of  ammonium  hydroxide  used  was  the  same  in 
both  cases  as  in  No.  16. 

The  solutions  contained  1.50  per  cent  hydrogen  peroxide  at 
the  beginning.  After  92  hours  No.  17  contained  not  over  0.06 
per  cent  and  No.  18  about  0.19  per  cent  hydrogen  peroxide.  Ex- 
periment 17  on  analysis  in  the  usual  way  gave  0.0239  gm.  or  a 
14.6  per  cent  yield  of  acetone.  Carbon  dioxide  corresponding  to 
0.052  gm.  or  a  5.2  per  cent  complete  combustion  to  carbon  dioxide 
was  obtained.  The  fractionation  of  nine-elevenths  of  the  total 
distillate  gave  the  data  for  the  unchanged  butyric  acid  in  Curve 
VI  in  Fig.  1,  which  corresponds  to  0.152  gm.  or  a  60.8  per  cent 
recovery  of  the  butyric  acid  used. 

No.  18  analyzed  in  the  usual  way  gave  0.012  gm.  of  acetone  or 
a  7.3  per  cent  yield.  No  carbon  dioxide  was  evolved  during 
the  first  distillation  as  with  No.  20  or  ammonium  hydroxide 
experiments,  but  about  a  6.0  per  cent  yield  of  carbon  dioxide 
was  obtained  daring  the  phosphoric  acid  distillation.  The  frac- 
tionation of  four-fifths  of  the  total  distillate  gave  the  data  for 
the  butyric  acid  in  Curve  VII^  Fig.  1,  which  corresponds  to  0.216 
gm.  or  86.4  per  cent  of  the  butyric  acid  recovered  unchanged. 


No. 

Acetone  found. 

Butyric  acid 
recovered. 

KOH  used 

NH4OH  used. 

per  cent 

per  cent 

cc. 

cc 

15 

2.4 

96.8 

20 

0 

18 

7.3 

86  4 

10 

20 

17 

14.6 

608 

5 

20 

16 

20.0 

52  4 

0 

20 
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These  results  l:)otii  for  acetone  found  and  for  butyric  acid 
recovered  are  intermediate  between  those  of  Xos.  15  and  16  a^ 
shown  in  the  tabulated  data.  Tliev  show  conclusively  that  the 
amount  of  oxidation  takinir  place  is  definit^'ly  related  to  the  amount 
of  potassium  hychoxide  present  when  the  amount  of  ammonium 
hydroxidcMs  considerable  and  constant. 

Jnjluena'  of  XnIICOs  on  the  \  11,011  Ejhxt.  -The  (luestion  as 
to  whether  ammonium  butyrate  \)h\\^  a  special  role  in  tliis  re- 
action may  be  tested  in  another  way  also.  In  other  experiments 
that  will  not  be  described  lier(%  it  was  found  that  the  bicarbonates 
of  potassium  and  soihum  catalytii-ally  decompose  hydro^;en  per- 
oxide nuich  faster  than  the  hydroxides  do,  l)ut  not  so  fast  as  do 
the  carbonates  and  anunonium  hy(h'oS:ide.  If  the  effect  of  am- 
monium hydroxide  is  (essentially  chu^  to  tliis  catalytic  effect  on 
peroxide,  then  consideral^le  oxidation  should  take  place  even 
when  the  anunonium  hydroxide  in  (IG)  is  partly  replaced  with 
sodium  l)icarbonate.     Thnn^  exjxMiments  were*  <lon(\ 

(19).  ")  cc.  (0.25  jj;m.)  I)utyric  a^cid  solution.  5  (.'c.  {=  0.25  ^m. 
butyric  acid)  ammonium  hy(h"()xide  solution.  5  cc.  sodium 
bicarl)onate  (().02S  <;r.i.  piM-  cv.  of  soluti(Mi).  50  cc.  '.\  per 
cent  hydro.(2:en  peroxide. 

(20).  Sam(;  as  (19)  excej)t  that  10  cc.  of  sodium  l)icarbonate 
solution  were  added. 

(21)    Same  as  (19)  except  that  no  bicarbonate  was  used. 

The  results  obtained  on  analyzing  \\\v  mixtunvs  45  hours  later 
are  tabulatetl  !)('!•  )W. 


No. 

n 

U.O; 

iii.iiiiniK 

1/'" 

K-    Vicl.l 

Milt  \l  11-  ;i< 

111   l*(>V«'tt'(J. 

i,.T  rr„t 

10 

(1  ic. 

0  (KITS 

17 

:      (1  ii-i 

ss  s 

'JO 

0  js 

0  (K)7s 

1   7 

n  Ji:. 

\)7  s 

•2\ 

1    .7J 

OOJS 

II    1 

0   J  II 

St     1 

These  results  show  that  ahhou^li  the  ixMoxidc  is  !i  •  irly  com- 
pletely decomposed  in  (19)  and  (20)  tliere  is  (>ven  less  oxidation 
than  in  (21)  in  which  tliere  wa-;  no**  cess  of  ammonium  hy(h'oxide 
nor  any  other  coniiiound  catalyt  ically  activ(*  toward  peroxide. 
Althouiili  only  5s  jxt  rent  of  the  amount  of  bicarbonate  («<juivi- 
lent  to  the  ammonia  and  but\iic  acid    wa^  u^ed  in  (19>.  peroxide 
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decomposition  was  nearly  complete,  but  oxidation  was  very 
slight.  This  shows  that  the  strong  catalytic  effect  of  ammonium 
hydroxide  on  peroxide  is  probably  not  the  only  characteristic 
of  this  compound  necessary  for  catalyzing  the  oxidation  of  butyric 
acid.  In  this  respect  the  behavior  of  ammonia  seems  to  be  spe- 
cific in  the  same  way  that  that  of  phosphate  is  in  the  case  of  the 
oxidation  of  glucose  to  carbon  dioxide  with  hydrogen  peroxide.' 
There  is,  ho  .vever,  one  difference  in  the  results  as  they  stand  and 
that  is  that  the  effect  of  ammonia  can  be  increased  in  suitable  mix- 
tures with  potassium  hydroxide  as  shown  in  the  next  section,  while 
nothing  was  tried  that  stimulates  the  phosphate  effect  similarly. 
The  Combined  Effect  of  Ammonium  and  Potassium  Hydroxide. — 
The  interpretative  experiments  in  the  above  section  are  defective 
as  far  as  suggestiveness  for  biological  conditions  is  concerned, 
because  too  much  of  these  bases  was  used.  The  experiments 
described  below  were  done  in  order  to  extend  the  above  experi- 
ments to  smaller  amounts  of  the  bases  when  used  simultaneously. 
In  these  experiments  0.25  gm.  butyric  acid  was  used  and  enough 
potassium  hydroxide  to  neutralize  this  acid  {i.e.,  0.159  gm.  of 
potassium  hj^droxide).  In  all  cases  50  cc.  of  2.3  per  cent  hydro- 
gen peroxide  were  used.  The  total  volume  was  80  cc.  The 
results  upon  analysis  after  96  hours  at  room  temperature  are 
tabulated  below. 


No. 

Acetone  found. 

Butyric  acid 
recovered. 

KOH  used. 

NHiOH  used. 

HiOt  left.' 

per  cent 

per  cent 

cc. 

cc. 

per  cent 

22 

4.0 

88. 0 

5.0 

0.0 

0.908 

23 

17.0 

57.0 

r^.{) 

5.0 

0.153 

24 

15.0 

01. 0 

.5.0 

10.0 

0.151 

25 

11.8 

OS. 4 

5.0     • 

20.0 

0.187 

*  All  contained  1.45  per  cent  H2O2  at  the  beginning. 

More  carbon  dioxide  was  obtained  in  No.  23  than  in  any  of 
the  other  experiments  but  the  amount  was  small  in  all  cases. 

The  above  experiments  were  repeated  using  somewhat  differ- 
ent amounts  of  alkali.  Otherwise  the  conditioiis  were  the 
same. 
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No. 

Acetone 
found. 

Butyric  aci 
j    recovered. 

•    KOH  used 

NHiOH 

used. 

per  cent 

]       per  cent 

re. 

«<•. 

26 

3  2 

i       97.0 

.")   0 

DO 

27 

11.3 

os.-i 

:       ."i  0 

.">.() 

28 

7.9 

!       S7-.> 

1 

:   o.(, 

.').() 

H.O  used         li,0,   l.ft. 


(I  () 


p,r  cut 

l.TtU) 


*  All  contained  1.77  {)er  cent  lIjOj  at  the  hci^innini!;. 


Because  Xo.  27  contained  nion^  availabh*  alkali  than  x\w  others 
the  above  experiments  wwo  repeated  as  follows  and  the  results 
given  below  were  obtained  1. 


No. 

Acetone 
found.  • 

Butyric   a<id 
recovered. 

KOU  used. 

xn.oH 

used. 

n.-o  u.-«-d. 

H:0;  left.* 

per  cent 

per  cent 

CO. 

cc. 

re. 

per  cent 

29 

2.3 

91.2 

10.0 

0.0 

0.0 

1.2M 

30 

14.  S 

()2.S 

.■).0 

.vo 

0.0 

0  293 

31 

12.  S 

()7.2 

0.0 

10.0 

0.0 

0  OoS 

*  Nos.  29  to  31  contained  1.04  per  cent  II-O..  at  the  Ix'ginninjz;. 

The  results  of  the  three  sets  of  experiments  show:  (1)  That  the 
loss  in  peroxide  from  the  solution  is  greatest  in  those  cases  in 
which  the  most  butA'ric  acid  (lisap{)eared.  (2)  That  the  i)r(>s('nce 
of  one  equivalent  of  ammonium  hydroxide^  is  most  favorable*  for 
oxidation  when  one  equivalcMit  of  potas.'^ium  hydroxide*  is  also 
present.  (3)  That  tlu*  presence  of  two  eciuivahMits  of  either 
base  is  not  so  favoral)le  for  oxidation  or  for  peroxide  dtn'omposi- 
tion  as  the  pres  Mice  of  one  equivalent  of  each.  (4)  That  the 
effect  of  these  bases  is  not  proportional  io  the  available  alkali 
or  the  hydroxyl  ion  concentration. 

The  Ribit'trc  Influence  of  Sodiiun  Ili/droxidc  upon  llutiiric  Ari<l 
Oxidation. — In  the  above  (^xperinuMits  potassium  hydioxidf 
came  to  l)e  used  as  the  alkali  instead  of  sodium  liNdioxidc  wit  hout 
any  reason  or  intention  of  discrimination.  Xormally,  sodium 
salts  are  prol)al)l\'  more  abundant  in  i)i(>l()L:ical  conihtions.  Ac- 
cordingly, it  seemed  desiial)le  to  do  a  few  mi»re  (•\|)eriment  s  on 
th(;  influence  of  .^odium  hy<ho\ide  upon  thi'^  oxidation.  In  the 
six  experiments  given  below  0.2.')  gm.  (tf  i)Ut\iie  Mcid.  oO  ee.  of 
3.2  per  cent  iiydrogen  jxToxide.  and  the  alkali  given  in  1  he  table 
were  allowed  to  react  in  ;i  total  volume  of  100  ec.  foi-  ."i  days  at. 
room    temper;iture.     The    results   aic   sunnnari/ed    in    the    tal)le. 
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No. 

Acetone 
found. 

Butyric 

acid 
recovered. 

NaOH 
used. 

NH«OH 

U8ed. 

KOH  used. 

HtO  used. 

HtOf  left 

per  cent  • 

per  cent 

cc. 

cc. 

cc. 

cc. 

per  cent 

32 

22.7 

45.2 

0.0 

10.0 

0.0 

35 

0.340 

33 

24. S 

48.4 

0.0 

5.0 

5.0 

35 

0  192 

34 

23.0 

00.0 

5.0 

5.0 

0  0 

:J5 

0  170 

35 

16.2 

58.0 

5.0 

5.0 

5.0 

30 

0  153 

36 

■    17.9 

59.2 

10.0 

5.0 

0.0 

30 

0.102 

37 

15.0 

01.6 

0.0 

5.0 

10.0 

30 

0.229 

Comparison  of  the  results  in  (32) ,  (33) ,  and  (34)  shows  that 
the  sodium  hj'droxide  is  somewhat  less  active  than  the  potas- 
sium hydroxide  when  used  in  conjunction  with  ammonium  hy- 
droxide. This  is  confirmed  by  the  results  in  (36)  and  (37).  Other 
unpublished  experiments  on  the  influence  of  these  two  bases  on 
the  spontaneous  decomposition  of  peroxide  show  about  the  same 
degree  of  difference  in  their  action,  when  used  in  the  absence 
of  ammonia. 

The  results  in  (34)  in  which  one  equivalent  of  all  three  bases 
was  u.sed  stand  between  (36)  and  (37),  which  is  to  be  expected 
if  the  small  difference  in  their  behavior  is  correct. 

Biological!}'  these  results  are  of  interest  because  they  show  that 
if  under  any  conditioi  s  fatty  acid  oxidation  in  the  organism 
resembles  these  oxidations  either  the  potassium  or  sodium  salt  of 
mixtures  would  be  attacked  with  about  the  same  ease  in  the 
presence  of  ammoiia. 

The  results  in  this  section  are  of  especial  interest  in  another 
way  because  they  show  that  the  catalytic  influence  of  ammonium, 
sodium,  and  potassium  as  the  bases  is  just  the  reverse  of  their 
influence  as  the  phosphates,  upon  the  peroxide  oxidation  of  a 
number  of  simple  organic  compounds.  Further  experiments 
upon  mixtures  will  be  done  in  developing  these  unpublished 
results  on  phosphates. 

Partial  Interpretation. — The  experiments  in  the  preceding 
section  bring  out  a  number  of  facts  concerning  the  interpreta- 
tion, (rt)  The  ammonium  and  potassium  buty rates  here  under 
consideration  are  the  salts  of  a  weak  and  a  strong  base,  respec- 
tively, with  a  weak  acid.  At  these  dilu  ions  there  would  be  con- 
siderably mor(^  fr(M^  butyric  acid  produced  by  h3^drolysis  when 
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aniiiionia  only  is  used.  Thai  this  five  a-id  i-  iini  ili,'  only  si«j:- 
nificant  factor  in  tho  catalysis  is  shown  l>y  ilic  fact  that  tho  -iiniil- 
taneous  presonco  of  hoth  l)as(v<  pro-notes  the  ,Li;n>at('st  oxidation. 
(6)  That  tho  move  pr(>s(>n('(^  of  many  hutyi-atc  ion-^  docs  not  do- 
terminc  the  oxi(hition.  is  shown  hy  tii«>  fa  t  that  in  the  pi-(\<  Mice 
of  amnioniiini  hy(h-o\id(>  al()n(\  in  which,  of  all  the  exj^eriments, 
there  is  the  smallest  conc(Mit  ration  of  l»ut>rate  U)]\<.  \\\v  oxida- 
tion proceeds  much  faster  than  wlien  jiotassinm  hydroxid(^  only 
is  used  where  the  hutyrate  ion  conccMit ration  is  u;;i-eatest.  (r) 
That  the  butyrate  molcnaih^s  do  not  determine^  the  oxidation  is 
shown  by  the  fact  that  oxidation  is  slo.vest  wluav*  the  concentra- 
tion of  these  is  greatest;  namely,  in  the  solutions  containing;  potas- 
sium hydroxide  alone.  (  /)  T'ut  t'i(*  c:ij)i;'i»y  ti  de  •  )!n|i  )se 
peroxide  spontaneously  may  be  a  factor  is  sui!;,i»;est  ed  by  the  fact 
that  potassium  decomposes  peroxide  nuich  more  slowly  than 
ammonium  hydroxi(l(\  That  this  is  not  the  sole  factor  is  sliown 
by  the  experiments  with  sodiuin  bicirbonite  which  dec)  iiposes 
peroxide  well  but  does  not  facili'at(^  th(\s(^  oxidations,  (c)  The 
concentration  of  the  hydroxyl  ion  has  no  dca'init.e  rel;ition  to 
the  velocity  of  tiie  oxidation  as  ob-<(M'ved  with  tliese  three  l);i«;es. 

The  known  facts  about  th(^s(^  oxidations  art^  not  >'et  suflicient 
for  a  satisfactory  intt^-pretation.  Tiie  st at enuaUs  t>;iv(Mi  in  the 
next  two  paragraphs  suggest  a  j)artial  ini(Mi)r(Mation. 

The  oxidation  of  butyric  acid  in  the  i)resenc(»  of  ammonia  de- 
scribed above  may  belong  to  th(^  so  called  "coupled"  or  induce  1 
oxidations.  The  formation  of  a  pta-oxide  of  ammonia  may 
represent  one  phas(^  of  tliis  coupling.  That  sucii  a  peroxide^  of 
ammonia  may  be  ol)tained  under  suitable  conditions  was  shown 
by  MelikofTand  Pissarjewski. '  If  this  p'loxi  le  i^  th(>  inli'rmediatc 
concerned  it  is  much  more  unstal)le  thaii  tlie  j)ero\ide  of  potas- 
sium since  when  ('([ual  concent  rat  ion.s  of  the  I  wo  l)asesare  |)lace(lin 
solutions  of  hydrogen  peioxide  the  amnionimn  h\dro\ide  decom- 
j)Oses  the  |)ei-oxid(*  much  moic  ra|)idly  thm  tlie  pota>;<ium  hy- 
droxid(*  does.  The  conceptions  of  an  id(»al  c.it  al\-<t  and  the  theory 
of  dislocation  of  li^ieseken'"  olTer  a  concrete  pailial  inteipicta- 
tion  of  this  part    of  the  elTect    of  ammonia.      Accoi(hng  to  this 

'' .MchkotT,  v.,  iuv\  r.s.,irjrv\.ki,  I,.  /;  ;..'.- v/.  (/.  ..  lv.»7.  \N\.;;ut 

'"   I-OCSckcil,    .1..    Knn       M'kI.    \\.(.ns.h.     .\,n    !       l'-/./..    I'.HI    :..    Will.    J'.H 

Rcc.  ti-dr.  fill  III.  I'nii<-li<i<,  \\\li),  x\\i\.  «L'J 
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view  of  catalysis  that  catalyst  will  be  best  which  has  the  greatest 
tendency  to  form  the  least  stable  complex  with  the  substrate. 

If  it  is  granted  that  the  data  justify  this  much  of  an  interpre- 
tation for  the  interaction  of  ammonia  and  peroxide  they  fail  to 
indicate  how  such  a  complex  activates  the  oxidation  of  butyric 
acid.  Sweeping  hypotheses  on  this  subject  would  be  undesirable, 
especially  in  view  of  the  fact  that  equally  anomalous  data  are 
already  in  hand  showing  that  when  these  bases  are  used  as  phos- 
phates the  effects  on  the  oxidation  of  butyric  acid  are  quite 
different. 

Possible  Biological  Significance  .of  the  Ammonia  Effect.  —  THe 
experiments  showed  that  butyric  acid,  whether  free  or  combined 
with  sodium  or  potassium,  is  peculiarly  susceptible  to  oxidation 
by  peroxide  when  ammonia  is  also  present,  and  that  under  these 
conditions  relatively  little  carbon  dioxide  but  much  acetone  is 
obtained.  This  high  degree  of  acetone  formation  depends  upon 
the  simultaneous  presence  and  the  interaction  of  ammonia,  per- 
oxide, and  butyric  acid.  Without  entering  into  details  it  would 
seem  that  these  three  components  play  an  active  role  in  metabo- 
lism, particularly  in  the  hepatic  metabolism,  and  that  acetone 
as  acetoacetic  acid  is  also  formed  in  this  organ.  It  will  be  recalled, 
for  instance,  that  Embden  and  Kalberlah^^  found  that  the  liver 
is  the  only  organ  that,  on  perfusion  in  the  surviving  state  with 
normal  blood,  gives  acetoacetic  acid.  Moreover  there  is  in  the 
liver  an  active  traffic  in  ammonia  equivalents  involved  in 
its  important  deaminizing  and  urea-forming  functions.  That 
it  can  actually  supply  this  component  of  this  reaction  system 
better  than  other  organs  has  recently  been  brought  out  by  experi- 
ments of  Keeton^2  Qf  ^jjjg  laboratory,  who  found,  in  harmony  with 
old  observations,  that  when  an  inorganic  acid  is  administered  by 
stomach  to  dogs  it  is  partially  excreted  as  the  ammonium  salt, 
and  causes  an  increase  in  the  urinary  ammonia  nitrogen,  both 
relative  and  absolute.  When,  however,  the  acid  is  injected  into 
a  peripheral  vein,  although  it  may  cause  some  absolute  increase 
of  the  urinary  ammonia,  it  causes  little  or  no  increase  in  the  quan- 

"  Embden,  G.,  and  Kalberlah,  F.,  Beitr.  ckem.  Physiol,  and  Path.,  1906, 
viii,  121.  Embden,  G.,  and  Engel,  H.,  Beitr.  chem.  Physiol,  u.  Path.,  1908, 
xi,323. 

"Keeton,  R.  W.,  J.  Biol.  Chem.,  in  press. 
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tity  of  aimnonia  nitrogen  relative  to  the  total  nitrogen.  This 
difference  in  the  behavior  of  acid  administered  by  the  portal  and 
the  peripheral  routes,  respectively,  is  interpreted  as  due  to  the 
fact  that  ammonia  is  an  available  base  in  the  liver  and  enters 
into  the  neutrahzation  of  acid  when  the  acid  is  neutralized  in 
the  liver,  but  pla3^s  little  part  in  tlie  neutralization  of  acids  else- 
where in  the  body. 

It  may  not  seem  amiss  to  suggest,  since  the  same  type  of  oxi- 
dation as  that  observed  in  the  above  described  test-tube  experi- 
ments is  known  to  occur  in  the  liver  in  a  high  degree,  that  this 
oxidation  in  the  liver  may  possibh^  be  favored  as  in  the  test-tube 
by  ammonia. 

The  question  has  long  been  discussed  as  to  whether  the  forma- 
tion of  acetoacetic  and  j3-hydrox3^butyric  acids  in  the  body  rep- 
resents a  purely  abnormal  type  of  fatty  acid  oxidation,  that 
only  occurs  under  certain  conditions  (as  in  diabetic  acidosis,  etc.) 
or  whether  it  is  a  step  in  the  normal  oxidative  breakdown  of  the 
fatty  acids,  having  an  even  number  of  carbon  atoms,  which  is 
obscured  in  health  because  of  the  rapid  occurrence  of  su])sequent 
events.  The  first  view  would  make  acetoacetic  acid  an  abnormal 
product,  the  latter  vrould  make  it  a  normal  pioduct,  which  in  ac- 
idosis of  the  diabetic  type  fails  to  break  doAvn  further.  Ne  i- 
bauer^^  in  his  well  known  study  of  the  breakdown  of  the  fatty  and 
amino-acids  favored  the  view  that  the  formation  of  acetoacetic 
acid  is  a  normal  step. 

The  above  experiments  and  <liscussion  would  tend  to  favor 
the  view  that  the  formation  of  acetoacetic  acid  may  l)e  considennl 
as  a  normal  step  in  the  oxidation  of  fatty  acids,  in  harmony  with 
Neubauer's  conception,  and  particularly  in  media  in  which  am- 
monia is  available.  JNIoreover  the  spcM-ial  occurnMice  of  this 
type  of  oxidation  in  the  liver  might  j^ossibly  b(^  brought  into 
relationship  with  the  special  availability  of  ainiiionia  in  this 
organ,  it  being  less  characteristic  of  the  oxidation  of  fatty  ai'ids 
elsewhere  in  the  bod}',  where  relatively  l(\'<s  ammonia  is  available. 
According  to  this  line  of  thought  a  ceitain  sptvial  {)hysiological 
function  of  the  body,  namely  its  power  to  form  aceto:>cetic 
acid,  would  be  associated  with  a  si)e('ial  cliaract(M-istic  of  ammonia 

"  Neubaucr,  ().,  Dculsch.  Arch.  Idin.  MoL,  l<>!)S -()<»,  xcv,  211. 
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or  its  equivalent  and  the  su^Restion  would  follow  that  where 
acetoacetic  acid  is  formed  in  the  body  ammonia  may  be  present  and 
actinj;  in  this  characteristic  way.  The  problem  of  why  in  health 
the  evidence  of  acetoacetic  acid  formation  is  suppressed,  i.e.  the 
problem  of  "  antiketogenesis "  (or  "kptolysis")  is  clearly  another 
matter. 

SUMMARY. 

•  Experiments  were  performed  with  the;  object  of  determining 
the  reason  for  the  difference  in  the  results  obtained  in  the  oxida- 
tion of  butyric  acid  with  hydrogen  peroxide  in  the  presence  of 
different  alkaline  substances. 

In  the  presence  of  potassium  hydroxide  in  amounts  varying 
from  0.20  to  4.0  equivalents  no  appreciable  oxidation  of  butyric 
acid  took  place,  as  was  proved  by  the  almost  quantitative  re- 
covery of  the  unchanged  acid. 

In  the  presence  of  ammonium  hydroxide  in  amounts  varying 
from  0.20  to  10.0  equivalents  much  oxidation  took  place. 

The  amount  of  oxidation  in  the  presence  of  ammonia  was  found 
to  increase  with  increase  in  the  ammonium  hydroxide,  other 
things  being  equal,  until  more  than  4.0  equivalents  of  ammonium 
hydroxide  were  present,  after  which  it  decreased  somewhat. 

This  decrease  with  large  excess  of  ammonium  hydroxide  was 
due  to  the  spontaneous  liberation  of  oxygen  by  the  action  of  am- 
monium hydroxide  on  the  hydrogen  peroxide,  before  it  could  be 
utilized  in  oxidation. 

If  one  equivalent  of  both  ammonium  hydroxide  and  potassium 
hydroxide  is  used  more  oxidation  takes  place  than  if  two  equiv- 
alents of  either  of  these  bases  are  added. 

The  type  of  oxidation  observed  in  these  experiments  was  mainly 
of  the  /3  type  or  the  conversion  of  butyric  acid  into  acetone  and 
1  molecule  of  carbon  dioxide.  Consequoiitly  the  statement  in 
the  above  paragraph  is  equivalent  to  saying  that  the  presence 
of  ammonia  in  a  solution  containing  potassium  butyrate  and 
hydrogen  peroxide  catalyzes  the  oxidation  of  butyric  acid  to 
acetone  and  carbon  dioxide. 

The  additive  effect  of  ammonium  and  potassium  here  described 
in  favoring  oxidation  constitutes  a  chemical  analogy  to  the  bio- 
logical effects  of  certain  mixed  salts. 
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The  experiments  on  the  additive  effects  of  sodium  aiul  ainmon- 
ium  show  that  this  pair  acts  nearly  the  same  as  j^otassium  and 
ammonium.  There  is  just  enough  tUfference  in  the  behavior  of 
potassium  and  sodium  to  constitute  a  confirmation  of  unpubUshed 
observations  of  specific  effects  of  these  bases  as  phosphates. 

A  few  suggestions  for  a  partial  interpretation  were  made.  It 
is  clear,  however,  in  this  case,  as  in  the  phosphate  effect  on  <;lu- 
cose  previously  reported,  that  the  role  of  alkalinity  and  alkali 
is  not  primary  in  this  oxidation.  A  satisfactor}-  interpretation 
is  particularly  desirable  in  view  of  the  possible  biological  signifi- 
cance of  the  results. 

Finally  in  discussing  the  possible  biological  significance  of 
these  results  it  is  suggested  that  the  ammonia  effect  here  de- 
scribed ma\'  be  the  agency  by  which  the  normal  oxidation  of  fatt\' 
acids  is  brought  about  in  the  liver.  This  suggestion  rests  upon 
the  fact  that  in  the  liver  the  substances  required  for  this  effect 
are  all  available  and  that  this  organ  also  normally  shows  the 
greatest  tendency  to  form  acetoacetic  acid. 
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AMMONIA  EXCRETION  FOLLOWING  EXPERIMENTAL 

ADMINISTRATION  OF  ACIDS  VIA  THE  STOMACH 

AND  PERIPHERAL  VEIN. 

By  ROBERT  W.  KEETON. 

(From  the  Otho  S.  A.  Spragne  Memorial  Institute,  Laboratory  of  Clinical 
Research,  Rush  Medical  College,  Chicago.) 

(Received  for  publication,  October  1,  1921.) 

The  type  of  acidosis  which  attains  its  highest  expression  in 
diabetes  is,  as  is  well  known,  very  frequently  attended  by  a  marked 
increase  in  the  excretion  of  ammonia  in  the  mine.  The  acids  in 
this  case  (/S-hydroxybutyric  and  acetoacetic)  are  in  part  neutral- 
ized by  the  organic  basic  ammonium.  Yet  the  phenomenon  of 
neutralization  by  ammonium  is  not  constant  in  the  other  types  of 
acidosis  in  man.  It  appears  to  plaj-  relatively  a  small  part  in  the 
acidosis  of  uremia  (I),  even  when  this  attains  an  extreme  degree, 
and  it  is  missed  in  some  of  the  other  types  of  spontaneous  acidosis, 
which  have  been  observed  in  man.  On  the  other  hand,  the  feed- 
ing of  dilute  mineral  acids  (2,  3)  to  man,  if  in  sufficient  quantity, 
leads  consistently-  to  increased  excretions  of  ammonia  in  the  urine 
comparable  to  those  seen  in  the  diabetic  type  of  acidosis.  How- 
ever, if  a  man,  who  is  excreting  increased  quantities  of  ammonia, 
either  as  an  incident  in  the  course  of  a  spontaneous  diabetic  acidosis 
or  as  the  result  of  an  alimentary  administration  of  an  acid  such 
as  hydrochloric,  be  given  a  sufficient  quantity  of  bicarl)onate  of 
sodium  (4),  the  increased  excretion  of  ammonia  is  depressed  or 
wholly  annulled.  The  administration  of  the  stronger  bjisc  results 
in  the  displacement  of  the  excess  of  ammonia  from  the  urine,  and 
it  would  not  seem  irrational  to  compare  the  ])henomenon  with 
that  which  occurs  in  the  test-tube,  when  sodium  bicarbonate, 
magnesium  oxide,  or  calcium  oxide,  are  added  to  a  watery  solu- 
tion of  ammonium  chloride,  acctoacetate,  ^-hydroxybutyrate, 
or  the  like  with  the  liberation  of  free  ammonia  and  the  formation 
of  a  new  salt  of  the  base  employed.     In  the  body  sucli  a  relcju^e 
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of  ammonia  from  its  salts  (or  the  prevention  of  its  union  with 
acids)  by  the  action  of  a  stronger  base  could  be  conceived  as 
leading  simply  to  some  other  disposition  of  the  ammonium  radicles 
displaced  or  spared  from  combination  with  acids.,  They  might 
then,  for  example,  enter  into  the  synthesis  of  urea. 

Although  the  phenomenon  of  neutralization  of  acids  by  ammonia 
has  long  attracted  interest  and  has  been  spoken  of  by  some  writers 
(5)  as  one  of  the  important  compensatory  mechanisms  by  which  the 
body  may  protect  itself  against  inroads  of  acid,  it  is  a  noteworthy 
fact,  that  it  is  not  a  mechanism  which  is  called  into  play  consist- 
ently by  the  human  organism  under  all  conditions,  in  which  it 
might  be  supposed  in  reason  that  every  available  means  of  pro- 
tection should  be  employed.  A  patient  may  die  of  acid  intoxi- 
cation developing  in  the  course  of  a  pyelonephritis  without  ever 
having  called  on  this  resource  to  a  noticeable  degree.  In  man  the 
classical  examples  of  neutralization  of  acids  by  ammonia  are 
afforded  in  acidosis  of  the  diabetic  type.  It  has  been  reported 
in  clinical  methyl  alcohol  poisoning  (6)  which,  however,  under 
experimental  conditions  (7)  may  not  always  be  associated  with 
an  acidosis.  It  is  also  said  to  develop  in  the  acidosis  of  cholera 
(1)  and  it  has  been  shown  to  occur  in  connection  with  certain  of 
the  diarrheal  diseases  of  children,  which  in  some  cases,  resemble 
closely  the  acidosis  of  diabetes.  The  two  chief  conditions,  how- 
ever, in  which  the  phenomenon  is  known  to  occur  regularly  are 
those  mentioned.  Moreover,  this  type  of  acidosis  associated 
with  increased  ammonia  output  is  not  seen  in  all  types  of  animals 
but  occurs  most  readily  in  man  and  the  carnivorous  animals, 
and  only  to  a  lesser  extent  in  the  herbivorous  animals.  These 
considerations  suggest  that  the  neutralization  of  acids  by  ammo- 
nium is  not  a  mechanism  of  universal  significance  in  the  whole 
problem  of  neutrality  regulation  by  living  cells,  but  that  it  is 
rather  a  special  phenomenon  which  only  occurs  under  certain 
conditions. 

It  has  been  pointed  out  by  others  (8)  that,  in  discussing  observed 
variations  in  the  excretion  of  acetone  bodies  in  the  urine,  it  is 
pertinent  to  consider  the  question  of  where  the  acetone  bodies  are 
formed.  Well  known  evidence  afforded  by  liver  perfusion  experi- 
ments, favors  the  view,  that  the  liver,  of  all  the  organs,  may  be 
regarded  as  the  largest  single  producer  of  the  acetone  bodies.    The 
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liver  is  also  commonly  recognizcil  as  an  organ  in  whirh  the  total 
traffic  in  XH2  groups  is  greater  than  in  any  single  tissue,  even 
though  the  function  of  cleamination  and  the  synthesis  of  urea 
were  performed  to  some  extent  elsewhere  as  well.^  With  its 
deaminizing  and  lU'ea-forming  function  it  must  be  considercnl  that 
the  liver  is  preeminent  in  respect  to  the  total  quantity  of  anunonia 
equivalents  that  it  normally  handles  in  the  course  of  the  day. 
It  is  generally  accepted  that  the  anunonia  which  in  acidosis 
appears  in  the  urine  in  the  form  of  salts  of  acids  represents  basic 
nitrogenous  material,  which  normally  would  be  excreted  for  the 
most  part  in  the  form  of  urea.  Also  acids,  which  arc  formed  and 
liberated  in  this  organ  which  conducts  the  heaviest  traffic  in 
ammonia  or  its  equivalents,  are  generated  in  a  part  of  the  body 
where  the  chances  for  neutralization  by  ammonia  should  be 
exceptionally  favorable. 

If  it  be  granted  that  the  phenomenon  of  neutralization  of  acids 
by  ammonimn  has  been  observed  with  the  greatest  consistency 
and  in  the  highest  degree  in  two  conditions:  {a)  a  type  of  acidosis 
in  which  the  acids  are  largely  hepatogenous  in  origin,  and  (/>)  a 
type  following  the  administration  of  acids — but  that  the  phenome- 
non is  found  to  be  le>s  marked  or  entirety  absent  in  other  tyi)es  of 
acidosis  the  question  would  arise  as  to  why  the  ingestion  of 
acid  should  produce  an  effect  like  that  of  one  type  of  acidosis 
and  unlike  that  of  the  other  types.  Could  this  mean  that  in  order 
to  be  neutralized  to  the  highest  degree  by  anunonium  the  U'vc 
acids  involved  must  be  formed  within  or  be  introduced  into  the 
liver? 

In  reviewing  the  literature  one  is  struck  by  the  fact  that  those 
who  have  observed  increased  excretion  of  anunonia  following  the 
administration  of  acids  have  almost  without  exception  given  the 
acid  by  the  alimentary  route.  Winterberg  (10)  injected  rai>l)its 
subcutaneously  (two  experiments)  with  0.25  \  acid  and  found  ihr 
ammonia,   sodium,   and   potassiiun   content    of  th(^  uritie  greatly 

*  Stadieand  VanSlykc  (9)  in  their  study  of  a  case  of  acute  yellow  atrophy 
have  recently  conrhided  that  the  role  of  the  liver  in  the.sc  proee.s.se.s  cannot 
be  assumed  in  its  entirety  hy  the  rest  of  the  Ixxiy.  Only  in  patho- 
logical conditions,  which  are  associated  with  almost  complete  destruction 
of  the  liver  tissue,  does  the  organism  f.-iil  to  nietiiholize  in  a  normal  f.'ishi(»n 
the  amino-acids  even  thouKJi  they  Itc  pnscntcti  in  hinh  concent  ral  ions. 
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increased.  The  total  nitrogen  was  not  correspondingly  increased. 
But  one  of  these  animals  died  at  the  end  of  24  hours  and  with  the 
other  the  experiment  was  discontinued  in  about  the  same  time. 
These  two  isolated  experiments  would  scarcely  seem  sufficient  to 
settle  the  point.  One  would  have  to  consider  that  the  local  de- 
structive effect  on  the  tissues  of  an  amount  of  0.25  n  acid  sufl&cient 
to  cause  death  in  24  hours  is  not  to  be  neglected.  Whereas,  the 
literature  contains  other  reports  (11,  12,  13)  concerning  the  injec- 
tion of  acids  by  vein  we  have  not  found  any  in  which  the  behavior 
of  the  urinary  ammonia  was  recorded. 

The  experiments  to  be  described  were  undertaken  for  the 
specific  purpose  of  comparing  the  relative  effects  on  the  ammonia 
excretion  in  the  urine  of  acid  administration  by  the  alimen- 
tary route  and  by  the  peripheral  vein.  Alimentary  adminis- 
trations should  subject  the  liver  to  the  effects  of  a  relatively  large 
quantity  of  free  acid,  while  the  latter  would  afford  opportunity 
for  the  neutralization  of  more  of  the  acid  in  the  blood  or  tissues 
outside  of  the  liver. 

EXPERIMENTAL. 

Methods. 

Female  dogs  of  approximately  16  kilos  body  weight  were  used. 
They  were  fed  a  constant  diet,  consisting  of  milk  100  to  200  cc, 
bread  50  to  100  gm.,  sodium  acetate  0.5  gm.  twice  daily  at  6.30 
a.m.  and  p.m.  To  the  morning  feeding  100  cc.  of  physiological 
salt  solution  were  added,  which  served  to  keep  the  volume  of  liquids 
the  same  in  the  experimental  and  the  control  periods.  The 
sodium  acetate  was  given  to  promote  uniform  elimination.  Col- 
lections of  urine  were  made  twice  daily  by  catheterization  and  irri- 
gation of  the  bladder.  The  cages  were  scrubbed  and  disinfected 
every  12  hours  to  prevent  decomposition  of  occasional  specimens 
passed  spontaneously.  This  procedure  gave  consistent  ammonia 
values.  The  urines  were  placed  on  ice  without  preservatives, 
the  ammonia  and  total  nitrogen  being  estimated  shortly  after  the 
closure  of  the  24  hour  period. 

The  anunonia  was  estimated  by  means  of  fo  malin  titration 
(Ronchese  and  Malfatti)  as  described  by  Wiechowski  (14).  The 
urine  was  well  diluted  and  the  titration  was  carried  to  the  first 
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permanent  pink.  This  method  was  checked  with  Fohn's  (15) 
aeration  method.  The  practical  agreement  of  th^  methods  for 
present  pm-poses  is  shown  in  the  following  protocol. 


Formalin  titration. 


0.30 
0.25 
0.37 


Folin  method. 


0.27 
0.2o 
0.37 


180  cc.  of  0.1  \  HCl  by  stomach. 


0.41 
0.46 
0.39 
0.37 
0.42 


0.41 
0.44 
0.39 
0.38 
Not  estimated. 


250  cc.  ofO.lNHClby  vein. 

0.46 

0.45 

0.51 

0.51 

0.52 

Not  estimated. 

0.33 

0.33 

0.49 

0.48 

0.44 

0.42 

The  total  nitrogen  was  estimated  by  the  Kjeldahl  nietliod,  the 
creatinine  according  to  Folin  (15). 

On  the  morning  of  the  experiment  the  salt  solution  was  omitted 
from  the  diet.  The  acid  was  then  administered  either  by  stomach 
tube  or  into  the  leg  vein.  For  the  latter  a  cannula  was  inserted 
into  the  vein  under  local  anesthesia,  and  the  acid  was  introduced 
by  gravity  throughout  the  pe  iod  of  1  hour. 

Experiments. — Five  animals  were  used  in  the  studies,  and  seven 
complete  (gastric  and  intravenous  administration)  (experiments 
made,  but  the  protocols  of  only  two  animals  are  reported  in  detail. 
Dog  2  died  during  the  course  of  the  intravenous  injection,  tlie  time 
of  which  was  shortened  from  1  hour  to  30  minutes.  Dog  '.]  was 
a  young,  highly  irritable  animal,  which  never  gave  consistent 
results  during  the  control  period.  However,  the  results  in  this 
case  were  in  keeping  with  those  reported.  Tiie  dose  of  acid  in- 
jected into  Dog  4  proved  to  be  too  toxic,  so  that  at  the  end  of  2-1 
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hours  food  was  refused,  the  nose  was  hot,  and  the  quantity  of 
urine  was  much  reduced.  However,  the  output  of  ammonia  and 
total  nitrogen  during  the  first  24  hours  was  the  same  as  for  the 
day  preceding  the  experiment,  in  agreement  with  the  findings  to 
be  reported  in  detail.     On  the  succeeding  days  the  total  nitrogen 
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Chart  1,  Changes  in  nitrogen  excretion  after  acid  administration  in 
Dogl. 

In  the  ordinates  of  Charts  1  to  4  are  expressed  the  values  of  total  and 
ammonia  nitrogen  in  grams,  the  latter  multiplied  by  10.  In  the  abscissae 
two  spaces  represent  12  hours.  Record  covers  48  hours  before  and  after 
experiment. 


m 

— 

n 

' — 

— 

\ 

— 

— 

— 

— 

— 

~ 

"^ 

~^ 

" 

ie 

»»J 

^^ 

2 

/ 

-i 

y 

s 

]o 

ta, 

'A 

'^J^ 

T/} 

— 

— 

«^ 

^ 

— . 

^ 

__ 

_ 

^ 

/ 

^ 

-> 

-^ 



_^ 

-> 

^ 

X 

-^ 

3 

^ 

— 

y 

^ 

Si 

T 

~~/ 

— 

_ 

- 

/ 

- 

- 

s 

- 

- 

— i — ' 
1 

- 
1 

I— 

■^ 

"« 

^ 

- 

% 

n 

' 

' 

J   1  1  ! 

\    ^ 

' 

?o 

Oc 

c. 

^o 

h 

z^/ 

/> 

Y 

at 

om 

ac 

'A 

<* 

OO 

cc 

-.2 

<>j 

Vi 

^/ 

/ 

/fi 

n 

Chart  2.     Changes  in  nitrogen  excretion  after  acid  administration  in 
Dogl. 


fell  slightly  below  normal,  but  the  ammonia  increased.  The 
results  of  the  experiments  on  Dogs  1  and  5  are  presented  in  the 
charts.  In  Charts  1  to  4  the  quantitative  output  of  ammonia 
nitrogen  and  the  total  nitrogen,  expressed  in  grams,  are  plotted 
for  48  hours  before  and  after  the  experimental  periods.     Chart  5 
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shows  the  complete  record  of  Dog  1  through  two  consecutive 
experiments.  The  nitrogen  values  here  are  expressed  in  24  hour 
intervals.  The  figures  from  which  the  charts  were  compiled  are 
to  be  found  in  Tables  I  to  V,  Chart  1  corresponding  to  Table  I,  etc. 


/30cc.  T^o  HCJ  hu  stomach 


y 


Charts.     Changes  in  nitrogen  excretion  after  acid  administration  in 
Dog  5. 


Chart  4.     Changes  in  nitrogen  excretion  after  acid  administration  in 
Dog  5. 
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Chart  o.  Clianges  in  nitrogen  excretion  following  successive  acid 
administrations  in  Dog  1. 

In  the  ordinates  of  Chart  5  are  expressed  the  vahies  of  total  and  anunonia 
nitrogen  in  grams,  the  latter  multiplied  by  10.  In  the  abscissie  two  spaces 
represent  24  hours.  All  of  the  time  (11  days)  which  elapsed  in  the  course 
of  the  experiment  is  represented  in  the  chart. 


Ammonia  Exa\iiion  VoMowing  Afiministration  of  Acid  by  Stom- 
ach.— These  graphs  show  clearly  an  absolute  increase  in  th(^ 
ammonia   nitrogen   without   changes   in   the   total   nitrogen      In 
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other  words,  some  of  the  nitrogen  which  normally  appeared  in 
the  urine  in  other  forms  {e.g.,  urea)  has  been  diverted  to  the 
neutralization  of  the  acid  and  now  appears  as  ammonia  in  the 
urine.    This  simply  confirms  commonly  accepted  facts. 

Ammonia  Excretion  Following  Administration  of  Acid  Intra- 
venously.— The  curve  of  total  nitrogen  gradually  rises.  The  sud- 
denness of  the  rise  appears  to  depend  within  limits  on  the  quantity 


TABLE  I. 

Changes  in  Nitrogen  Excretion  after  Acid  Administration  in  Dog  1. 

Nitrogen  excretion  per  12  hrs 

Dmte. 

Total. 

In  ammonia. 

Wit 

gm. 

am. 

Jan.  18,  p.m. 

2.86 

0.17 

"    19,  a.m. 

2.43 

0.17 

"    19,  p.m. 

2.71 

0.14 

"    20,  am. 

2.35 

0.16 

"    20,     " 

Gastric  administration  125  cc.  of  0.1  n  HCl. 

"    20,  p.m. 

2.93 

0.30 

"    21,  a.m. 

2.64 

0.20 

"    21,  p.m. 

3.03 

0.16 

"    22,  a.m. 

2.70 

0.15 

Jan.  24,  p.m. 

2.97 

0.17 

"    25,  a.m. 

3.03 

0.18 

"    25,  p.m. 

2.51 

0.16 

"    26,  a.m. 

2.46 

0.15 

"    26,     " 

Intravenous  administration  125  cc.  of  0.1  n  HCl. 

"    26,  p.m. 

2.79 

0.19 

"    27,  a.m. 

4.14 

0.29 

"    27,  p.m. 

3.25 

0.13 

"    28,  a.m. 

3.06 

0.21 

of  acid  given.  The  ammonia  nitrogen  follows  closely,  so  that  the 
percentage  relationships  between  ammonia  nitrogen  and  total 
nitrogen  are  fairly  maintained.  This  is  interpreted  to  mean  that 
there  is  a  definite  toxic  destruction  of  protein  induced  by  the 
acid  injection.  The  results  of  these  experiments  differ  from  the 
foregoing  in  the  maintenance  of  a  practically  normal  percentage 
of  ammonia  nitrogen,  which  suggest  simply  an  acceleration  of 
normal  proteolysis. 
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Comparison. — Tables  VI  and  VII  contrast  the  reactions  of  the 
body  to  acid  administration  by  different  routes.  The  values  of 
total  and  ammonia  nitrogen  actually  excreted  are  found  in  Col- 
umns a  and  b.  The  first  reading  of  each  column  in  the  various 
experiments  gives  the  excretion  during  the  control  period,  the 
second  figure,  the  excretion  during  the  experimental  period  (24 
hours  following  acid  administration).     To  secure  the  values  for 


TABLE  II. 

Changes  in  Nitrogen  Excretion  after  Acid  Administration  in  Dog  1. 


Nitrogen  excretion  per  12  hrs. 

Date. 

Total. 

In  ammonia. 

toto 

am. 

gm. 

Dec.    8,  p.m. 

2.38 

0.13 

"       9,  a.m. 

2.36 

0.15 

"       9,  p.m. 

2.16 

0.11 

"      10,  a.m. 

2.33 

0.14 

"      10,     " 

Gastric  administration  200  cc.  of  0.1  n  HCl. 

"      10,  p.m. 

2.21 

0.20 

"      11,  a.m. 

2.19 

0.17 

"      11,  p.m. 

1.97 

- 

0.12 

"      12,  a.m. 

2.08 

0.13 

Dec.  12,  p.m. 

1.92 

0.11 

"      13,  a.m. 

1.99 

0.13 

"      13,  p.m. 

1.93 

0.10 

"      14,  a.m. 

1.90 

0.11 

u        14^       a 

Intravenous  adm 

inistration200ce.  of  O.I  xIICl. 

"      14,  p.m. 

2.85 

0.09 

"      15,  a.m. 

2.72 

0.13 

"      15,  p.m. 

3.30 

0.20 

"     16,  a.m'. 

2.56 

0.11 

the  control  period  the  excretions  of  total  and  ammonia  nitrogen 
were  averaged  for  three  24  hour  intervals  preceding  the  experi- 
ment. It  has  been  assumed  for  the  purposes  of  this  tabulation 
that  the  ratio  of  ammonia  nitrogen  to  total  nitrogen,  established 
in  the  control  period  (Column  c),  was  maintained  into  the  acid 
p)eriod  except  in  so  far  as  it  was  clianged  by  the  formation  of 
ammonium  salts.  That  such  an  assumption  can  be  made 
without  undue  violence  is  seen  by  reference  to  preceding  data  and 
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discussion.  For  it  was  pointed  out  that  the  gastric  administration 
of  the  acid  was  without  effect  on  the  total  nitrogen,  and  that  in 
the  administration  by  peripheral  vein,  the  results  suggest  an 
acceleration  of  normal  proteolysis.  The  ammonia  nitrogen  then, 
which  is  to  be  expected  on  such  a  basis,  can  be  deduced  by  multi- 
plying this  ratio  by  the  total  nitrogen  actually  excreted  after  acid 
administration.     Such  a  value  is  shown  in  Column  d.     The  dif- 


TABLE  III. 

Changes  in  Nitrogen  Excretion  after  Acid  Administration  in  Dog  5. 

Nitrogen  excretion  per  12  hre. 

Date. 

Total. 

In  ammonia. 

Wtl 

am. 

am. 

Mar.    1,  p.m. 

2.14 

0.12 

"       2,  a.m. 

1.93 

0.09 

"       2,  p.m. 

2.12 

0.14 

3,  a.m. 

2.34 

0.17 

"       3,     " 

Gastric  administration  180  cc.  of  0.1  n  HCl. 

"       3,  p.m. 

2.42 

0.21 

"       4,  a.m. 

2.30 

0.13 

"       4,  p.m. 

2.53 

0.18 

"       5,  a.m. 

2.51 

0.20 

Feb.  14,  p.m. 

2.44 

0.11 

*      15,  a.m. 

1.91 

0.12 

'      15,  p.m. 

1.97 

0.12 

*      16,  a.m. 

1.99 

0.10 

'      16,    " 

Intravenous  administration  180  cc.  of  0.1  n  HCl. 

'      16,  p.m. 

2.86 

0.19 

*      17,  a.m. 

2.85 

0.11 

'      17,  p.m. 

2.78 

0.11 

"      18,  a.m. 

2.67 

0.16 

ference  between  this  value  and  the  quantity  actually  excreted 
(Column  b)  would  indicate  the  quantity  of  ammonia  concerned 
in  the  neutralization  of  the  acid  administered.  This  value  has 
been  expressed  in  cc.  of  0.1  x  NH4OH  and  denominated  ''Extra 
ammonia." 

It  is  obvious  from  the  tables  that  a  much  larger  quantity  of  the 
acid  administered  by  the  gastrointestinal  route  can  be  accounted 
for  as  ''Extra  ammonia,"  than  of  that  given  by  the  peripheral 
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TABLE  IV. 
Changes  in  Xiirogen  Excretion  after  Acid  Administration  in  Dog  5. 


Date. 

Nitrogen  excretion  per  12  hrs. 

Total. 

In  ammonia. 

1921 

gm. 

gm. 

Apr. 

3,  p.m. 

2.14 

0.09 

4,  a.m. 

2.07 

0.14 

4,  p.m. 

2.18 

O.OS 

5,  a.m. 

2.35 

0.13 

5,     " 

Cast 

ric  administration  250  cc.  of  0.1  x  HCl. 

o,  p.m. 

2.41 

0.22 

6,  a.m. 

2.12 

0.18 

6,  p.m. 

2.29 

0.12 

7,  a.m. 

2.09 

0.09 

Mar 

8,  p.m. 

1.82 

0.14 

9,  a.m. 

2.20 

0.16 

9,  p.m. 

2.37 

0.18 

10,  a.m. 

2.67 

0.17 

10,     " 

Intravenous  administration  250  cc.  of  0.1  xHCl. 

10,  p.m. 

2.94 

0.18 

11,  a.m. 

3.30 

0.20 

11,  p.m. 

2.89 

0.24 

12,  a.m. 

2.94 

0.18 

TABI-E  V. 
Changes  in  Nitrogen  Excretion  Following  Successive  Acid  Administrations 

in  Dog  1. 


Nitrogen  excretion  per  12  hrs. 

Date. 

Total. 

In  ammonia. 

19t0 

gm. 

gm. 

Dec.    7-  8 

4.75 

0.28 

8-  9 

4.74 

0.29 

'        9-10 

4.49 

0.25 

'      10,  a.m. 

Gastric  administration  200  cc.  of  0.1  .n  IICI. 

*      10-11 

4.40 

0.36 

'      11-12 

4.05 

0.25 

'      12-13 

3.91 

0.24 

*      13-14 

3.S9 

0.21 

*      14,  a.m. 

Intravenous  administration  200  cc.  of  0.1  n  HCl. 

*      14-15 

5.57                    1                    0.22 

'      15-16 

5.92 

0.30 

'      10-17 

5.0<) 

0.31 

"      17-18 

4.30 

0.28 
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tabu:  VI. 

Quantity  of  Acid  Excreted  in  the  Form  of  Ammonium  Salts  in  the  24  Hour 

Urine  before  and  after  the  Administration  of  Hydrochloric  Acid  by  the 

Gastric  and  Intravenous  Routes. 

(Dog  1,  female  mongrel,  weight  16.17  kilos.) 


0  1  N  ftoid  given. 

Nitrogen  excretion 
per  24  hrs. 

Extra 

•  ' 

^ 

*ro 

.c% 

ammonia 
asO.l  N 

Remarks. 

I 

«* 

3 

.2 

.2 

NH4.t 

< 

1 

e2 

a 

& 

e 

d 

am. 

a 

b 

cc. 

gm. 

am. 

cc. 

5.43 

0.32 

0.058 

24  hr.  control  (aver- 

1 

age  of  3  days). 

125 

Gastric. 

5.57 

0.50 

0.058 

0.32 

128 

24  hr.  period  following 
acid. 

4.66 

0.27 

24  hr.  control  (aver- 

2 

age  of  3  days). 

200 

Gastric. 

4.40 

0.36 

0.25 

79 

24  hr.  period  following 

acid. 

5.63 

0.33 

0.058 

24  hr.  control  (aver- 

3 

age  of  3  days). 

125 

By  vein. 

6.93 

0.42 

0.40 

14 

24  hr.  period  following 

3.95 

0.23 

0.058 

acid. 

24  hr.  control  (aver- 

4 

age  of  3  days). 

200 

By  vein. 

5.57 

0.22 

0.32 

0 

24  hr.  period  following 

5.48 

acid. 

0.33 

0.060 

24  hr.  control  (aver- 

5 

age  of  3  days). 

200 

By  vein. 

6.94 

0.32 

0.42 

0 

24  hr.  period  following 
acid. 

*  The  grams  of  ammonia  N  which  would  be  excreted  if  the  ratio  of  ammo- 
nia nitrogen  to  total  nitrogen  remained  the  same  as  in  the  control  period. 

t  Calculated  as  the  absolute  quantity  excreted  (Column  b;  minus 
the  above  (Column  d)  and  converted  into  terms  of  cc.  of  0.1  n  NH4  for 
comparison  with  the  quantity  of  0.1  n  acid  given. 
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vein.     It  is  also  noted  that  following   gastrointestinal  adminis- 
tration by  no  means  all  of  the  acid  given  can  be  recovered  in  the 

T.\BLi:  VII. 

Quantity  of  Acid  Excreted  in  the  Form  of  Avimonium  Salts  in  the  24  Hour 

Urine  before  and  after  the  Administration  of  Hydrochloric  Acid  by  the 

Gastric  and  Intravenous  Routes. 

(Dog  5,  female  bull,  weight  17.8  kilos.) 


0.1  N  acid  given. 

Nitrogen  excretion 
per  24  hrs. 

Extra 

ammonia 

asO  1  N 

NH«.t 

i 
1 

a 
< 

1 

1 

e2 

a 

.2 
(5 

2 

Remarks. 

a 

b 

c 

d 

1 

cc. 

180 

Gastric. 

gm. 

4.41 
4.72 

gm. 
0.25 

0.34 

0.25 
0.41 

0.057 

gm. 

0.27 
0.26 

cc. 

50 

24  hr.  control  (aver- 
age of  3  days). 

24  hr.  period  following 
acid. 

2 

250 

Gastric. 

4.35 
4.53 

0.057 

107 

24  hr.  control  (aver- 
age of  3  days). 

24  hr.  period  following 
acid. 

3 

180 
250 

By  vein. 

4.10 
5.71 

0.21 
0.30 

0.051 
0.067 

0.29 

7 

24  hr.  control  (aver- 
age of  3  days). 

24  hr.  period  following 
acid. 

4 

By  vein. 

4.73 
6.24 

0.32 
0.38 

0.42 

0 

24  hr.  control  (aver- 
age of  3  days). 

24  hr.  ])eriod  following 
acid. 

*  The  grams  of  ammonia  N  which  would  be  excreted  if  the  ratio  of  ammo- 
nia nitrogen  to  total  nitrogen  remained  the  same  as  in  the  control  i)eriod. 

t  Calculated  as  the  absolute  quantity  excreted  (Column  b)  minus  the 
above  (Column  d)  and  converted  into  terms  of  cc.  of  0.1  .\  XH*  for  compari- 
son with  the  quantity  of  0.1  n  acid  given. 

form  of  ammonia.  This  agrees  well  witli  the  recent  report  of 
Stehle  and  McCarty  (3),  who  found  that  even  with  the  estimation 
of  all  the  bases  in  the  urine  and  tlie  increased  H  ion  concentration 
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they  were  able  in  two  cases  (man)  to  account  for  only  96  and  61 
per  cent,  respectively,  of  the  acid  administered. 

Creatinine  Excretion. — The  creatinine  excretion  was  followed 
in  the  case  of  Dog  5  after  the  administration  of  180  cc.  of  0.1  n 
HCl  by  mouth  and  250  cc.  of  0.1  n  HCl  by  vein.  The  variations 
were  so  slight  as  to  be  within  the  range  of  experimental  error. 
We  may  conclude  then  that  these  procedures  were  without  effect 
on  the  output  of  creatine,  at  least,  in  this  particular  animal. 

DISCUSSION. 

The  experiments  confirm  the  well  known  observation  that  the 
administration  of  acid  by  the  alimentary  route  to  dogs  leads  to  a 
definite  increase  in  the  absolute  quantity  of  ammonia  and  the 
quantity  relative  to  the  total  nitrogen  excreted  in  24  hours.  These 
increases  always  took  place  within  the  first  24  hours  following 
the  acid  administration  and  subsided  thereafter.  When  the  same 
quantity  of  the  same  acid  was  administered  to  the  same  dog  by 
the  peripheral  intravenous  route  there  was  as  a  rule  an  increase 
in  the  total  output  of  ammonia.  However,  these  increases  were 
smaller  in  degree  than  those  following  the  alimentary  adminis- 
tration, they  tended  to  occur  later,  and  were  invariably  associated 
with  an  increase  in  the  total  nitrogen  output,  so  that  the  ratios 
of  the  ammonia  nitrogen  to  the  total  nitrogen  were  relatively 
little  affected.  Comparing  the  effects  of  the  alimentary  and 
intravenous  administrations  of  acid,  the  former  were  characterized 
by  an  increase  of  the  ammonia  nitrogen  with  relatively  little 
increase  in  total  nitrogen.  When  there  was  an  increase  in  the 
total  nitrogen  at  all  it  was  late  (3  to  4  days)  and  never  pronounced. 
In  the  case  of  the  intravenous  injections,  the  total  nitrogen  was 
always  increased  more  and  earlier,  than  in  the  case  of  the  ali- 
mentary administrations.  Indeed  the  speed  of  the  onset  of  this 
rise  seemed  to  be  determined  (within  limits)  largely  by  the  quan- 
tity of  acid  administered.  The  total  ammonia  output  then  rose 
correspondingly,  but  there  was  little  or  no  evidence  of  a  shift  in  the 
nitrogen  partition.  These  results  indicate  that  when  the  acid 
enters  the  body  via  the  portal  route  more  of  it  is  neutralized  by 
ammonium  than  when  it  enters  otherwise. 

These  results  arc  at  variance  with  those  reported  by  Winterberg 
(10)  to  which  previous  reference  has  been  made.     He  found  that 


R.  W.  Keeton  425 

the  ammonia  nitrogen  was  increased  without  a  corresponding 
increase  in  the  total  nitrogen,  wlien  rahliits  (two  experiments) 
were  injected  subcutaucijusnj  with  0.25  x  acid.  The  cause  of  this 
discrep.mcy  has  not  been  investigated  in  detail,  hut  as  stated 
above  one  must  consider  that  the  local  destructive  action  on  the 
tissues  of  a  mass  of  acid,  sufhcient  to  cause  death  in  a  ra])bit  at 
the  end  of  24  hours,  is  not  to  be  neglected.  That  such  a  result 
as  he  obtained  may  be  associated  with  the  use  of  extremely  toxic 
or  lethal  doses  of  acid  is  indicated  in  our  iindings  in  Dog  4.  The 
complete  details  of  the  experiment  are  not  reported  since  the 
animal  refused  food  and  showed  other  signs  of  profound  intoxi- 
cation. In  this  case  there  was  no  increase  in  either  the  total 
nitrogen  or  the  ammonia  nitrogen  diu'ing  the  first  24  hours,  before 
the  signs  of  intoxication  were  manifested  and  while  the  animal 
was  still  eating.  During  the  3  succeeding  days,  with  the  estab- 
lishment of  these  signs  of  intoxication  the  anunonia  nitrogen  in- 
creased while  the  total  nitrogen  did  not  incre  \se  correspondingly. 
Finally  it  must  be  stated  that  he  was  using  ral)l)its  while  our 
experiments  were  conducted  upon  dogs. 

The  experiments  seem  to  lend  color  to  the  idea  developed  in 
the  introduction,  that  neutralization  of  acids  l)y  ammonium  may 
be  more  in  the  nature  of  a  localized  (lupatic)  function  tha!i  any 
universal  function  of  the  bod}'  that  is  called  upon  to  combat  acids 
in  general.  It  is  ^uggested  that  when  free  acids  aie  form(>(l  in  the 
liver  or  are  introduced  into  the  liver,  and  must  unite  with  ba-i's. 
that  in  this  j)articular  })lace  a  larger  percentage  of  the  acids  will 
unite  with  ammonia  than  will  do  so  wIumi  tlu^  neutralization  tak(\^ 
place  elsewhere.  Acids  must  be  neutralized  !)y  bases  that  are  avail- 
able at  the  site  of  their  neutralization.  Thi^  would  imi)ly  that  in 
the  liver  there  is  ammonium  available  for  tlu^  nmit  ralizat  ion  of  acids. 
The  fact  that  (Jad-Andres(>n  (IC))  and  others  ha\  (*  shown  lliat  the 
anmionia  content  of  the  liv(M-  tissue  l)y  analysis  is  not  ditTercMit 
from  that  of  the  heart,  nniscle,  or  fat  is  no  argument  against  this 
view.  For  we  are  here  speaking  of  a  moving  tratlic  in  anunonia 
equivalents  and  not  of  a  cross-section  of  this  tratiic  at  any  one  tinu^ 
such  as  these  estimations  present. 

Such  a  view  would  imply  that,  wIhmi  (Mulogenous  acid  appears 
in  the  urine  in  larg(^  (piantitic^s  conibiiKMi  with  ammonium,  the 
acids  may  iiavc^  been  fornuMl  cliicfiv  in  the  lixci-.     Tims  diabetes 
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with  its  supply  of  acetone  bodies  arising  chiefly  in  the  liver,  presents 
the  classical  case  of  acidosis  with  large  ammonia  output.  The 
diarrheas  of  Asiatic  cholera  and  (less  constantly)  of  infancy  with 
their  increased  ammonia  could  be  viewed  as  developing  their 
acids  in  the  portal  circuit.  Nephritis  with  its  acidosis  would  then 
become  a  disease  in  which  the  acids  concerned  are  not  hepatogenous 
in  origin,  but  in  which  some  other  principal  site  or  sites  of  acid 
formation  should  be  sought.  This  is  not  out  of  harmony  with 
the  view  that  the  acidosis  of  nephritis  is  due  wholly  or  in  part  to 
delayed  excretion  of  acids  formed  in  the  body  at  large.  A 
pathological  condition  in  which  the  ammonia  excretion  is  in- 
creased without  a  corresponding  acidosis  would  be  a  condition 
haying  no  direct  interest  in  the  present  discussion. 

CONCLUSIONS. 

1.  Administration  of  0.1  n  HCl  by  stomach  tube  to  dogs  causes 
an  absolute  increase  in  the  ammonia  nitrogen  excreted  in  the  urine, 
while  the  total  nitrogen  remains  practically  constant. 

2.  Intravenous  administration  of  the  same  dose  of  acid  to  the 
same  animal  causes  an  increase  in  excretion  of  both  ammonia  and 
total  nitrogen,  but  the  normal  ratio  between  these  is  fairly  well 
maintained. 

3.  Alimentary  administration  of  acid  is  associated  with  a  shift 
in  the  nitrogen  partition  towards  the  ammonia  fraction.  Such  a 
shift  in  nitrogen  partition  is  absent  following  intravenous  injec- 
tions, if  the  dose  of  acid  be  not  too  toxic. 
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CURVE   OF  SUGAR  EXCRETION  IN  SEVERE  DIABETES. 

By  HANNAH  FELSHER. 

{From  the  Otho  S.  A.  Sprague  Memorial  Ijistitute  Laboratory  of  Clinical 
Research,  Rush  Medical  College,  Chicago.) 

(Received  for  publication,  September  13,  1921.) 

The  work  reported  in  this  paper  represents  a  study  of  the  total 
quantities  of  sugar  excreted  in  the  urine  of  a  number  of  diabetic 
patients  during  periods  in  which  they  were  being  held  in  the  non- 
diabetic  status,  or  what  is  sometimes  called  the  "sugar-free" 
condition,  by  dietary  restriction,  and  during  the  periods  in  which 
the  diets  were  gradually  increased  until  clearly  abnormal  quanti- 
ties of  sugar  appeared  in  the  urine.  The  purpose  has  been  to 
plot  the  curves  of  glucose  excretion  by  diabetic  patients  on  diets 
increasing  gradually  from  those  on  which  they  show  no  abnormal 
glycosuria  up  to  the  point  at  which  definitely  abnormal  glycosuria 
is  induced.  The  total  sugar  excreted  in  the  urine  every  24  hours 
was  determined  quantitatively  by  the  method  described  by 
Benedict  and  Osterberg^  for  the  quantitative  determination  of 
sugar  in  normal  urine. 

The  glucose  equivalents  of  the  diets  were  calculated  as  the 
utilizable  carbohydrate  plus  the  protein  X  0.58  plus  the  fat  X  0.1 
as  per  the  equation  G  =  C  +  0.58P  +  O.IF^  in  which  G  =  glucose, 
C  =  carbohydrate,  P  =  protein,  and  7^  =  fat.  The  total  glucose 
supply  to  the  organism  was  not  always  represented  entirely  by 
the  diet  since  in  most  instances  the  diets  were  at  times  ])elo\v 
maintenance  values,  necessitating  the  catabolism  of  protein  and 
fat  from  the  tissues.  In  some  instances  also,  the  quantity  of  fat 
in  the  diet  could  have  exceeded  the  quantity  actually  catabolized. 

Case  /.—(Miss  R.)  Age  60  years.  Weip;]it  38.6  kilos.  On  admission  to 
the  hospital  she  showed  marked  denutrition,  glycosuria,  acidosis,  alkali 
deficit,  and  symptoms  of  acid  intoxication.    She  was  given  alkali  and 
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reduced  to  the  non-diabetic  statue  by  dietary  restriction.  On  a  diet  of 
32  gm.  carbohydrate,  57.5  gra.  protein,  and  53  gm.  fat— containing  835 
calories  and  the  equivalent  of  71  gm.  glucose  ((?),  the  total  sugar  eliminated 
each  24  hours  for  3  days  remained  constantly  at  a  little  over  400  mg.  per 
day  (see  Chart  1).  The  diet  was  then  increased  very  slowly;  and  on  35  gm. 
carbohydrate,  60  gm.  protein,  and  60.5  gm.  fat— 924  calories  {G  =  76), 
the  sugar  excreted  per  day  for  2  days  was  no  higher  than  it  had  been  on  the 
835  calorie  diet.  On  the  3rd  day,  however,  while  the  patient  was  still  on 
the  same  diet,  the  sugar  eliminated  suddenly  increased  to  1,050  mg.  and  a 
subsequent  addition  equivalent  to  4  gm.  glucose  and  34  calories  resulted 
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in  the  excretion  of  1,092  mg.  for  the  first  24  hours  and  2,556  mg.  for  the 
second  24  hours  on  which  the  same  diet  was  maintained.  Without  entering 
into  a  discussion  of  the  factors  which  may  have  determined  this  sudden 
acceleration  of  the  glucose  excretion  in  this  particular  case,  it  affords  an 
example  of  the  suddenness  with  which  the  sugar  excretion  may  jump  from 
a  normal  level  to  an  abnormally  high  level. 

Case  2. — (Mr.  M.)  A  young  man,  26  years  of  age,  weighing  50  kilos 
who  entered  the  hospital  in  severe  acidosis  and  denutrition  and  who  had 
been  "desugarized"  by  a  diet  consisting  of  green  vegetables  and  broth 
^aggregating  298  calories  ((?  =  27),  excreted  520  mg.  of  sugar  on  the  first 
day  of  observation.    Thereafter,  the  sugar  excreted  in  the  urine  remained 
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practically  constant  from  day  to  day  during  the  time  ip  which  the  diet  was 
increased  from  a  caloric  value  of  298  to  one  of  1,336  calories,  the  G  for  the 
diet  rising  from  27  to  116  gm.  Thus,  the  total  quantity  of  sugar  eliminated 
for  the  24  hour  period  in  which  the  diet  contained  398  calories  with  G  =  51, 
was  680  mg.  and  it  was  only  683  mg.  on  ;;  1,236  calorie  diet  with  G  =  101  gm. 
The  next  addition,  which  brought  the  diet  up  to  1,404  calories,  and  in- 
creased G  to  123  gm.  (an  increase  of  22  gm.)  resulted  in  a  total  urinary 
sugar  excretion  of  only  1,006  mg.;  whereas,  upon  a  further  addition  which 
increased  the  value  of  G  by  only  11  gm.  and  the  calories  by  50,  the  total 


Chart  2. 


sugar  eliminated  was  2,695  mg.  Thus,  increasing  the  calories  in  the  diet 
by  some  800  calories  and  the  glucose  equivalent  by  89  gm.  caused  little 
or  no  increase  of  the  sugar  excretion,  but  the  further  addition  of  only 
218  calories  and  the  equivalent  of  33  gm.  glucose  caused  a  critical  break 
in  the  curve.  On  the  lowest  diet  the  calories  were  298;  therefore  most  of 
the  food  supply  on  which  the  patient  was  subsisting  was  then  coming  from 
the  tissues.  The  highest  diet  l^arely  approached  maintenance  require- 
ments. Accordingly,  the  figures  for  the  diet  never  represented  the  total 
glucose  supply  from  all  sources,  and  the  curve  of  increase  of  the  latter  is 
not  known.     Vet  the  experiment  shows  a  sudden  transition  from  the  normal 
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to  the  abnormal  in  respect  to  the  sugar  excretion.  The  diet  was  then 
reduced  to  64  calories  with  G  for  the  diet  itself  at  14;  and  the  experiment 
was  repeated  with  the  same  result.  There  was  almost  no  variation  in  the 
total  sugar  eliminated  per  day  during  the  time  that  the  diet  was  increased 
from  14  G  and  64  calories  to  135  G  and  1,001  calories;  whereupon,  a  subse- 
quent addition  of  food  equivalent  to  only  9  gm.  glucose  and  36  calories, 
which  brought  G  for  the  total  diet  to  144  gm.  and  the  calorie  value  to  1,637, 
resultetl  in  a  sugar  excretion  of  3,268  mg.  for  that  day.  It  was  quite 
evident  that  the  curve  representing  the  sugar  eliminated  in  the  urine  by 
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days,  did  not  follow  the  curve  representing  the  gradual  rise  in  the  caloric 
or  glucose  equivalents  of  the  diet.  It  remained  more  or  less  constant  until 
the  glucose  equivalent  of  the  diet  reached  a  certain  value,  when  there  was 
a  sudden  upward  break  in  the  curve  of  sugar  excretion.  This  upward 
break  represented  an  absolute  acceleration  of  the  sugar  excretion  out  of 
proportion  to  that  which  had  resulted  from  all  earlier  additions  to  the 
diet.  It  also  represented  an  even  greater  increase  of  the  percentage  excre- 
tion of  the  last  increments  to  the  diet. 

Case  S. — (Mrs.  F.)    A  young  woman  24  years  of  age.    Weight  36  kilos. 
Her  glucose-using  power  was  very  low.    On  an  888  calorie  diet  (with 
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G  =  76  gra.)  she  excreted  725  mg.  sugar  on  1  day,  and  2  days  later,  while 
still  on  the  same  diet,  excreted  2,711  mg.  On  absolute  starvation  for  3 
consecutive  days  her  urinary  sugar  excretion  was  601,  460,  and  504  mg. 
per  day.  On  a  651  calorie  diet,  with  (7  =  64  gm.,  the  urinary  sugar 
was  537,  802,  and  750  mg.,  respectively  for  the  3  days  on  which  the 
same  diet  w^as  maintained;  whereas,  a  slight  subsequent  rearrangement 
in  the  diet,  increasing  its  calorie  value  only  to  665,  with  G  as  before,  re- 
sulted in  the  excretion  of  2,440  mg.  sugar.  Here  again,  the  transition 
from  the  **sugar-free"  state  to  one  in  which  the  urine  contained  distinctlv 
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abnormal  quantities  of  sugar,  was  a  sudden  one.  [Comment  on  the  cause 
of  the  break  may  be  deferred.] 

Case  4- — (Mr.  M.)  A  very  severe  case  of  diabetes  mellitus.  The 
results  obtained  with  this  case  tend  to  confirm  in  a  most  striking  maimer 
those  obtained  with  the  above  three  cases,  in  tiuit  tlio  sugar  eliminated 
in  the  urine  did  not  increase  uniforndy  with  the  gradually  increasing  diet; 
but  that  there  was  a  critical  point  at  wiiich  a  sudden  and  abnormally 
high  excretion  of  sugar  occurred  in  the  urine. 

Ctwe  5.— (Mr.  C.)  Age  42  years.  Weight  52  kilos.  This  patient's  diet 
was  built  up  gradually  from  415  calories  with  (!  ----  36  gm.  to  1,205  calories 
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with  O  ■■  107  gm.,  while  the  total  sugar  eliminated  in  the  urine  every 
24  hours  remained  practically  constant  (except  on  1  day  following  a  day 
of  low  excretion).  In  this  case  the  diet  at  no  time  reached  the  point  where 
a  real  critical  acceleration  of  the  sugar  excretion  occurred.  The  sugar 
excreted  on  the  diet  of  1,295  calories  with  G  =  107  gm.  was  no  higher  than 
that  excreted  on  the  diet  of  415  calories,  for  which  G  was  36  gm.  This 
patient  was  neither  in  caloric  nor  nitrogenous  equilibrium  on  the  diet 
given,  but  left  the  hospital  to  continue  treatment  at  home  so  that  the 
chart  was  interrupted 

Case  6. — (Mr.  A.)  A  poorly  nourished  young  man  of  25  years.  Weight 
44.1  kilos.  A  severe  case  of  diabetes  mellitus.  This  patient  came  into 
the  hospital  with  much  sugar,  acetone,  and  diacetic  acid  in  the  urine,  and 
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a  marked  alkali  deficit  in  the  blood.  He  did  not  ''desugarize"  on  a  diet 
consisting  of  400  gm.  of  "greens"  and  1  liter  of  broth  even  after  4  days; 
and  was  fed  more  liberally  till  the  acetone  and  diacetic  acid  disappeared. 
Then,  following  several  dietary  manipulations,  his  urine  no  longer  gave 
a  qualitative  test  for  sugar.  On  a  diet  of  953  calories,  for  which  (7  =  88  gm., 
the  total  sugar  elimination  \^as  between  400  and  500  mg.  per  day;  and  on  a 
diet  of  1,837  calories,  with  G  =  107  gm.,  the  sugar  excreted  in  the  urine  was 
only  330,  486,  and  333  mg. 

While  the  total  quantity  of  sugar  eliminated  per  day  on  a  diet  of  64 
calories,  with  G  at  14  gm.  was  practically  the  same  as  that  eliminated  on  a 
diet  of  1,993  calories  (G  =  114.7),  it  jumped  suddenly  to  1,485  and 9,800 mg. 
respectively  when  the  diet  was  increased  to  contain  2,080  calories  and  the 
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equivalent  of  121  gm.  glucose.  In  this  case  observations  were  made  of  the 
relative  effects  of  a  high  fat,  high  carbohydrate,  low  protein  diet;  and  a 
high  fat,  high  protein,  low  carboliydrate  diet,  each  having  the  same  value 
for  G.  These  diets  sufficed  for  maintenance.  When  the  G  of  the  diet  was 
kept  below  a  certain  value,  there  was  no  significant  change  in  the  total 
urinary  sugar  excreted  from  day  to  day,  regardless  of  changes  in  the  rela- 
tive quantities  of  carbohydrate  and  protein.  In  this  case  working  laterally 
with  maintenance  diets,  endogenous  factors  were  reduced  to  a  minimum. 


Chart  6. 


Case  7. — (Mrs.  L.)  Age  31  years.  Weight  40  kilos.  Tlio  oxpcMiinont 
was  begun  with  the  patient  on  a  diet  of  830  calories,  with  G  =  49.  In  this 
case  the  aflditions  to  the  diet  were  made  uniform.  She  was  first  kept  on 
a  constant  diet  of  2.'3  gm.  carbohydrate,  30  gm.  protein,  and  G7  gm.  fat, 
consisting  of  400  cc.  5  per  cent  vegetables,  24  cellulose  muffins,  3  eggs, 
15  gm.  butter,  100  ce.  cream,  30  gm.  bacon,  and  10  gm.  rice.  For  1 1  days 
t!ie  sugar  excretion  was  charted  while  the  diet  remained  the  sam<>.  During 
this  period  the  excretion  was  nf)t  at  first  constant  but  it  became  so  for  the 
last  5  days  (average  .562  rag.).  Ther(;aftor  additioDs  were  made  always  in 
the  form  of  cre.am  containing  16  per  cent  fat,  with  no  other  changrs.  Tlic 
first  addition  consisted  of  50  cc.  cream.    3  days  later,  25  cc.  cream  were 
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added  and  thereafter  25  cc.  more  each  4th  day  until  six  additions  had  been 
made,  then  25  cc.  cream  every  other  day.  In  this  case  each  fresh  addition 
to  the  diet  tended  to  cause  a  slight  increase  of  the  sugar  excretion  for  that 
day  followed  by  a  return  to  the  former  level  on  the  following  day.  These 
fluctuations  were  most  marked  early  in  the  experiment  and  grew  less  as 
time  passed.  The  average  excretion  was  very  constant  at  600  to  700  mg. 
While  no  change  took  place  in  the  total  quantity  of  sugar  eliminated  per 
day  (500  to  1,000  mg.),  during  the  time  that  the  glucose  equivalent  of  the 
diet  rose  from  49  gm.  to  70.3  G  and  the  calories  from  830  to  1,270,  there  was 
a  sharp  break  in  the  sugar  eliminated  with  the  next  addition  of  25  cc. 
cream.  With  the  diet  aggregating  1,270  calories  with  G  =  70.3  gm.  the 
excretion  ran  942  and  1,420  mg.  on  2  successive  days.  The  next  addition 
was  followed  by  excretions  of  1,504  and  1,906  mg.    Another  addition  was 
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then  made  and  the  excretion  rose  to  2,650,  5,568,  and  6,300  mg.  In  this 
case  it  will  be  noted  that  when  the  total  glucose  equivalent  of  the  diet  was 
68  gm.  the  excretion  was  still  only  825  and  529  mg.  on  2  days.  The  subse- 
quent addition  of  food  equivalent  to  6.3  gm.  glucose  led  to  the  excretion 
of  approximately  this  quantity  of  glucose  over  and  above  the  former 
average.  There  was,  in  short,  a  virtually  complete  excretion  of  all  the 
glucose  supplied  in  excess  of  a  certain  limit. 


CONCLUSION. 


Study  of  the  curves  obtained  leads  to  the  conclusion  that  indi- 
viduals with  severe  diabetes,  when  brought  into  the  non-diabetic 
status  (or,  as  it  is  sometimes  called,  the  "sugar-free"  state)  by 
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fasting  or  other  more  suitable  adjustments  of  the  diet,  may  then 
excrete  small  quantities  of  sugar  not  greater  tl:an  those  excreted 
by  normal  individuals  under  parallel  conditions.  The  quantities 
in  this  series  averaged  between  10  and  15  mg.  per  kilo  per  day. 
As  the  diet  is  gradually  increased  stepwise  at  1  to  4  day  intervals, 
there  is  at  first  little  or  no  permanent  increase  of  the  sugar  excre- 
tion. The  sugar  excreted  has  remained  entirely  unaffected;  or 
it  has  shown  a  definite  but  temporary  acceleration  with  each  new 
addition  to  the  diet  to  be  followed  by  a  restoration  of  the  fonner 
level;  or  it  has  shown  a  slight  rising  tendency  from  the  start. 
But  in  any  case  the  total  permanent  increase  of  the  sugar  excre- 
tion has  remained  slight  or  even  unrecognizable  until  the  total 
glucose  equivalent  of  the  diet  has  risen  above  a  certain  limit 
(which  varies  w-ith  the  individual).  Once  this  limit  has  been 
passed,  further  additions  to  the  diet  lead  to  rapid — even  sudden — 
accelerations  of  the  sugar  excretions,  out  of  proportion  to  any 
which  have  occurred  before.  The  curve  may  then  bend  rapidly 
upward  or  show  a  true  critical  break. 

This  observation  is  in  harmony  with  the  well  known  concep- 
tion of  a  clearly  definable  ''tolerance  limit '*  for  glucose  in  dia- 
betes; and  that  an  "abnormal"  sugar  excretion  may  develop 
with  critical  suddenness  when  this  limit  is  overstepped. 
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THE     ROLE     OF     THE     URETERAL     LYMPHATICS     LN 
EXPERIMENTAL  URLVARY  TRACT  INFECTIONS* 

VERXOX     C.     DAVID,     M.D.,     and     PETER     M.     MATTILL,     M.D. 


In  a  previous  article  ^  the  results  of  an  experimental  study  to  deter- 
mine the  routes  by  which  infection  could  ascend  from  the  bladder  and 
involve  the  upper  urinary  tract  were  published.  In  that  article  these 
statements  were  made : 

1.  In  experimental  B.  coli  cystitis  in  dogs,  blood  stream  infection 
rarely  takes  place. 

2.  Without  stasis  of  urine,  involvement  of  the  upper  urinary  tract 
is  rare. 

3.  With  slight  obstruction  to  complete  emptying  of  the  bladder, 
extension  of  infection  to  the  upper  urinary  tract  practically  always 
occurs. 

4.  The  involvement  of  the  upper  urinary  tract  almost  uniformly 
takes  place  through  the  lumen  of  the  ureter,  and  the  ureteral  lym- 
phatics are  rarely,  if  ever,  the  pathway  of  infection. 

Since  some  of  these  statements  are  at  variance  with  the  reports  of 
other  workers  on  the  same,  or  correlated,  subjects,  further  evidence 
will  be  presented  bearing  on  the  role  of  the  ureteral  lymphatics  as 
a  pathway  for  infection  involving  the  urinary  tract. 

URETERAL     LVMIMIATICS     AS     A      PATHWAY      FOR      IXFKCTIOX      WITH  IX 
THE     liRINARY     TRACT 

■  Eisendrath  and  Schultz  -  described  round-cell  inhll ration  in  the 
ureteral  lymphatics  after  injecting  B.  coli  into  the  1)ladder.  P)aucr- 
eisen  ^  described  the  same  findings  in  tuberculosis  of  the  l)la{lder. 
Stewart*    ex])lained    the    kidney    infections    following   implantation    of 
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Fig.  1. — Round-cell   infiltration   in  snbmucosa  of  ureter  of  control  dog  with 
sterile  urine ;  X  230. 


Fig.  2.— Round-cell  infiltration  in  submucosa  of  ureter  of  control  dog  with 
sterile   urine ;    X  230. 
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the  ureters  into  the  intestinal  tract  on  the  basis  of  an  ascending  infec- 
tion through  the  lymphatics  of  the  ureter.  Franke  "'  injected  lymphatics 
running  from  the  cecum  and  ascending  colon  to  the  kidney  capsule 
and  kidney  pelvis.  Helmholz  and  Beeler  ^  injected  cultures  of  a  viru- 
lent organism,  found  in  a  rabbit  kidney,  into  the  bladders  of  a  series 
of  rabbits.  They  found  pyelitis  in  fifteen  of  the  animals,  but  there 
was  evidence  of  cellular  exudate  in  the  ureteral  lymphatics  in  only 
five.     Thev    concluded    from    this    evidence    that    in    some    instances 


Fig.  3  ^Round-cell  inlihratiuii   of  the   suhmiicosa  of  the  ut\'UT :   strrile  cul- 
tures from  the  lumen  of  the  ureter  as  well  as  from  the  macerated  ureter:  X  ^><^- 


the  infection  ascended  l)y  way  of  the  lu'eteral  lymi)hatics  and  in 
others  through  the  lumen  of  the  ureters.  In  another  series  of  exi)eri- 
ments  on  sixty-six  rabbits,  organisms  of  the  H.  coli  group  were  injected 
intravenously,  and  pyelitis  was  foimd  in  only  two  am'mals.      In  some 
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Fig.   4.— Round-cell   character   of   infiltrate   shown    in    Figure   3;    X  230. 
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Fig.    5.— Bladder   submucosa   with    polymorphonuclear    infiltrate ;    X  130. 


of  the  experiments  a  polymorphonuclear  exudate  was   found  in  the 
subpelvic  lymphatics. 

Elaborate  studies  of  the  lymphatics  of  the  bladder,  ureters  and 
kidney  have  been  made  by  injection  of  the  lymphatics  with  silver 
salts  and  Prussian  blue  (Mascagni,  Teichman,  Sappey,  Krause,  Gerota, 
Kumita.  Stahr,  Sakata).  There  is  no  doubt  that  a  rather  rich 
lymphatic  system  is  found  in  the  submucosa  and  muscularis  of  the 
bladder  and  ureter  as  well  as  in  the  periureteral   fat,   in  the  kidnev 


Fig.    6. — Ureter    with    u^>    cellular    iiifillratr ;     X  1.^0. 


pelvis,  in  the  parenchyma  of  the  kidney  and  its  faty  caj^ulc.  The 
lymphatics  of  the  bladder,  ureter  and  kidney  have  distinct  communi- 
cating i)ranches,  but  it  is  ecjually  important  to  emphasize  the  fact 
that  the  drainage  of  the  l)la(l(ler.  ureter  and  kidney  is  segmental  iiUo 
lumbar  and  hy|X)gastric  nodes  and  into  the  nodes  along  the  renal 
vessels.  The  ready  flow  of  lymph  is  not  from  the  bladder  through 
the  ureter  to  the  kidney,  or  vice  \ersa. 

Having  established  the  premise  that  these  organs  have  definite 
lymphatic  systems  and  that  invoKement  of  them  by  inflammatory 
exudate  has  been  describecl  l>y  sexeral  anthor*-.  we  will  herewith  pre- 


Fig.  7.— Kidney  pelvis  with   no  cellular   infiltrate;    X  130. 


Fig.   8.  —  Polymorphonuclear    exudate   on    peritoneal    coat    of   the    bladder; 
X230. 


sent  our  evidence  to  demonstrate  that  the  occurrence  of  a  celUilar 
exudate  in  the  lymphatics  of  the  ureter  and  pelvis  of  the  kidney  does 
not  necessarily  indicate  an  infection  of  the  urinary  stream. 

1.  Round-Cell  Infiltration  in  Control  Ureters  with  Sterile  Urine. — 
Control  sections  of  the  ureter  in  thirty-nine  dogs  have  been  studied 
microscopically,  and  at  the  same  time  the  urine  has  been  examined 
for  bacteria  by  smears  and  cultures.  Cellular  infiltration  in  the  lym- 
phatics was  absent  in  fourteen  dogs,  was  present  to  a  limited  extent 
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h'i^.  9. — rreter.  sliowiiijj;  pcriiiri'tcral   exudate 
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in  ten,  and  in  live  dogs  with  sterile  urine  was  ])rcseiit  to  a  marked 
degree  { I'^igs.  1  and  2).  In  rabbits  the  j)reseiice  of  round-cell  iiililt ra- 
tion in  the  ureter  with  sterile  in-ine  is  even  more  common. 

2.  Round-Cell  Infiltration  of  the  Ureter  lUith  Sterile  Urine.  Maeer- 
atcd  Ureter  Sterile. — H.  eoli  was  injected  into  a  dog's  bladder,  and 
the  dog  killed  in  thirty  days.  H.  eoli  was  still  i)resent  in  the  bladder 
urine,  but  cultures  from  the  ureters  and  kidney  pelves  were  sterile. 
Microscopic  examination  of  the  tissue  revealed  a  marked  round-cell 
infiltration  in  the  submucosa  of  the  blulder  and  ureters   (l^'igs.  3  and 
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4).  A  section  of  the  ureter,  which  had  been  removed  under  aseptic 
con(iitions,  was  macerated  in  a  sterile  mortar,  and  cuhures  were  made 
of  the  tissue  extract.  These  were  sterile.  This  experiment  indicates 
that  round-cell  infiltration  of  the  ureter  is  not  synonymous  with  urinary 
stream  infection,  and  that  the  presence  of  round-cell  infiltration  is 
not  necessarily  indicative  of  active  infection. 

3.  Ulcerative  Cystitis  ivith  Ascending  Ureteral  Infection,  but  No 
Infection  of  the  Ureteral  Lymphatics  or  the  Blood  Stream. — A  num- 


1% » 


Fig.    10. — Polymorphom  clear   type   of   exudate   at   A    (  I'i^.  9);    X  230. 

her  of  experiments  on  dogs  were  thus  conducted :  One  ureter  was 
ligated  and  divided  to  establish  a  hydronephrosis  which  acted  as  a 
control  on  blood  stream  infection,  in  which  event  it  became  converted 
into  a  pyonephrosis;  the  urethra  was  partially  constricted  by  a  band 
of  fascia,  but  not  sufficiently  to  prevent  urination.  B.  coli  was  injected 
into  the  partially  obstructed  bladder ;  ulcerative  cystitis  developed  with 
ascending  infection  involving  the  unobstructed  ureter,  from  which  B. 
coli  was  grown.  Microscopically  there  was  no  cellular  infiltration  of 
any  type  in  the  ureteral  wall  though  the  bladder  wall  had  a  dense 
polymorphonuclear  exudate  throughout  (Figs.  5,  6  and  7). 
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It  is  evident  in  these  experiments  that  polyniorphoniKiear  intiltra- 
tion  of  the  bladder  does  not  extend  to  the  lymphatics  of  the  ureter  and 
kidney  pelvis  with  any  rapidity,  though  ascending  infection  occurs 
early  and  readily  through  the  lumen  of  the  ureter. 

4.  Cut  End  of  Ligatcd  Ureter  Adherent  to  Infectious  Material. 
PolyniorpJianuelear  Infiltrate  of  the  Periureteral  Lymphaties.  Hydro- 
nephrosis. Sterile. — A  few  "happenchance"  conditions  arose  in  some 
experimental  work  which  have  a  hearing  on  tliis  prohlcni.     After  liga- 


I-'i^.    11.      I'«)I>  in«)r|)lu)nuclcar    exudate    in    snhim 


ki(liie>     iK'K  is  ;      -^  1.>(I. 


lion  and  di\i>i()n  of  one  ureter,  some  <logs  came  >o  ntcrop^y  willi  tlie 
peritoneal  coat  of  the  Madder  co\ere<l  with  a  pla>tic  i-.\udati-  diu'  to 
accidental  infection.  'l"o  this  exudate,  the  cut  end  of  the  ligated 
ureter  was  adhereiU.  .\  microscopic  study  of  the  meter  (lemonslrate<l 
a  rather  marked  polymorj)liomiclear  exudate  in  the  periiueteral  tissue 
reaching  ahove  tiie  ureter  to  the  Mil»iH'l\ic  fat.  Ilowexer.  in  these 
particular  experiment^  the  hydrcMiephrosis  that  de\eloped  ahove  the 
divided  ureter  was  sterile.  .\  periiueteral  polymorphonuclear  exudate 
with  sterile  urine  wa<  present   (  I'igs.  S.  <>.   U)  .-.nd   11  ). 
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With  these  experiments  in  mind  it  seems  clear  that  involvement 
of  the  periureteral  lymphatics  in  round-cell  or  polymorphonuclear  cell 
infiltration  is  not  synonymous  with  urinary  stream  infection.  Con- 
versely, urinary  tract  infection  occurs,  ascending  through  the  lumen 
of  the  ureters  without  involvement  of  the  ureteral  lymphatics. 


■   „M 


Fig.   12. — Ureter  above  the  gauze   showing  no   infiltrate;    X   about  7C. 


URETERAL     LYMPHATICS     AS     A     ROUTE     FOR     EXTRA-URINARY 
INFECTIONS 

The  role  of  the  lymphatics  in  conveying  infection  from  the  bladder 
to  the  ureters  and  kidneys  has  thus  far  been  the  object  of  our  study. 
As  a  corollary,  the  importance  of  the  ureteral  lymphatics  in  con- 
veying extra-urinary  infections  to  the  kidney  will  be  considered. 

It  is  theoretically  possible  in  cases  of  pyosalpinx,  pelvic  peritonitis, 
acute  appendicitis  or  appendiceal  abscess  that  an  inflammatory  exu- 
date coming  in  contact  with  a  ureter  might  involve  the  periureteral 
lymphatics  of  the  ureter  and  eventually  spread  along  them  and  involve 
the    pelvis   of   the   kidney   and   kidney   itself.     This    view    has   been 
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strongly  urged  by  certain  authors  to  explain  the  frequency  of  pye- 
litis in  girl  babies  whose  vaginal  secretions  have  been  found  to 
contain  B.  coli  soon  after  birth.  In  order  to  consider  experimentally 
these  presumptions,  the  effect  of  surrounding  the  ureter  in  a  series 
of  dogs  and   rabbits  with   a   small  piece   of  gauze  impregnated   with 


Fig.    13. — Kidney    pelvis    above    the   gauze    showing    no    infiltrate ;    X    about    70. 


actively  growing  B.  coli  was  studied.  This  simulates  fairly  well 
clinical  conditions  in  which  the  ureter  is  in  contact  with  infectious 
material. 

In  the  first  group  of  rabbits  and  dogs,  a  small  piece  of  gauze  was 
drawn  under  one  ureter  and  saturated  with  B.  coli  after  laj)arotomy. 
The  opposite  ureter  was  ligated  and  divided  so  that  the  ensuing  hydro- 
nephrosis would  act  as  a  filter  for  blood  stream  infection.  The  con- 
trol urine,  taken  before  the  experiment,  was  sterile  in  all  of  these 
animals.  At  postmortem,  which  occurred  from  seven  to  thirty  days 
after  the  experiment,  cultures  of  urine  from  both  kidneys  and  bladder 
were  sterile.  B.  coli  was  grown  from  the  gauze  around  the  ureter. 
Microscopically,  in  the  region  of  the  gauze,  a  dense  polymorphonuclear 
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exudate  was  found  around  the  ureter;  but  a  few  centimeters  above 
the  gauze,  the  ureter  was  free  from  cellular  exudate.  Sections  of 
the  kidney  pelvis  and  kidney  showed  no  cellular  infiltration.  On  the 
opposite  side,  the  hydronephrotic  kidney  and  ureter  were  sterile  and 
showed  no  cellular  exudate  (Figs.  12,  13,  14  and  15).  The  only 
exceptions  to  these  microscopic  findings  were  in  several  rabbits  in 
which  a  few  clumps  of  round  cells  were  found  in  both  kidneys,  ureters 
and  bladder.     It   seems  improbable  that   these  cells   were   related  to 


Fig.   14. — Ureter  below   the  gauze   showing  no   infiltrate ;    X   about  70. 


experimental  conditions,  as  the  cellular  accumulations  were  isolated 
and  corresponded  to  those  found  in  the  urinary  organs  of  rabbits 
under  control  conditions. 

It  appears,  therefore,  that  infectious  material  brought  in  contact 
with  the  periureteral  lymphatics  does  not  involve  the  urinary  tract 
in  infection  by  spreading  along  the  ureteral  lymphatics.  There  was 
no  evidence  of  ascending  infection  involving  the  kidney  pelvis  or 
kidney  parenchyma,  nor  was  there  any  descending  infection  involving 
the  bladder.     In  a  few  instances  in  dogs,  the  lumbar  lymphatic  nodes 
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in  the  region  of  the  gauze  were  enlarged  and  in  one  instance  they 
suppurated.  This  is  striking  evidence  of  the  segmental  drainage  of 
the  ureter. 

In  another  group  of  experiments  on  rabbits  and  dogs,  the  ureter 
was  ligated  and  divided,  and  the  gauze  around  the  ureter,  saturated 
with  B.  coli,  was  placed  near  the  proximal  cut  end  of  the  ureter. 
At  necropsy  the  cut  end  of  the  ureter  was  found  embedded  in  the 
inflammatory  exudate  about  the  gauze.     In  some  of  these  ex]:)eriments, 


Fig.    15. 
about  70. 


liladder    wall    with    the    peritoneal    coat    showing   no    infiltrate;    X 


the  bladder  urine  and  urine  from  the  opposite  kidney  as  well  as  that 
from  the  developing  hydronephrosis  were  infected  with  H.  coli.  which 
indicated  that  a  blood  stream  infection  had  taken  i)lace.  On  the  side 
of  the  pyoncj)hrosis,  in  the  submucosa  of  the  kidney  j)elvis  and  the 
ureter  as  well  as  in  the  parenchyma  of  the  kidney,  groups  of  poly- 
morphonuclear cells  could  be  demonstrated  microscopically,  but  there 
was  no  characteristic  involvement  of  the  spaces  about  the  blood  vessels 
where  the  larger  lymphatics  are  located. 
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In  otiier  experiments  of  this  type,  the  urine  of  the  hydronephrosis 
was  sterile  as  was  the  urine  from  the  bladder  and  opposite  kidney. 
There  was  no  involvement  of  the  i)eriureteral  lymphatics  on  the  side 
where  the  gauze  was  implanted  in  the  rabbit  experiments;  but  in  a 
few  dogs,  jx)lymorphonuclear  cells  were  found  in  the  periureteral  tissue 
as  high  as  the  iK'lvis  of  the  kidney. 

In  exj^riments  on  two  dogs  and  one  rabbit,  with  the  gauze  in 
contact  with  the  divided  ureter,  a  pyonephrosis  was  found  without 
j)eriureteral  lymphatic  or  blood  stream  involvement.  The  bladder  and 
the  kidney  urine  on  the  opposite  side  was  sterile.  In  these  instances, 
the  infection  probably  extended  along  the  lumen  of  the  ureter  by  direct 
extension  through  its  cut  end. 

In  those  experiments  in  which  a  cut  end  of  a  ligated  ureter  came 
in  contact  with  infectious  material,  various  results  were  recorded : 
{a)  blood  stream  infection  with  infection  of  both  kidneys  and  bladder; 
(b)  involvement  of  the  periureteral  lymphatics  above  the  point  of 
contact  with  the  infectious  material  but  with  no  infection  of  the 
urinary  stream,  and  (c)  infection  of  the  hydronephrosis  above,  with  but 
little  or  no  involvement  of  the  periureteral  lymphatics. 

In  no  experiment,  however,  did  it  seem  probable,  after  weighing 
all  the  evidence,  that  infection  of  the  hydronephrosis  took  place  by 
infection  traveling  along  the  ureteral  lymphatics  to  the  kidney. 

CONCLUSIONS 

1.  Neither  round  nor  polymorphonuclear  cellular  infiltration  of  the 
ureteral  or  subpelvic  kidney  lymphatics  is  synonymous  with  urinary 
tract  infection,  as  we  regard  it  clinically. 

2.  The  lymphatics  of  the  bladder  and  ureter  play  an  unimportant 
role  in  the  conduction  of  acute  infections  from  the  bladder  to  the 
kidney. 

3.  Infectious  material  brought  into  intimate  contact  with  the  peri- 
ureteral lymphatics  does  not  affect  them  to  any  considerable  extent 
and  infection  of  the  urinary  stream  does  not  result. 

4.  An  involvement  of  the  periureteral  lymphatics  may  occur  when 
the  cut  end  of  a  divided  ureter,  which  has  been  ligated,  comes  in 
contact  with  infectious  material ;  but  it  is  improbable  that  infection  of 
the  kidney  pelvis  by  this  route  occurs. 
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Czerny  and  Keller  ^  mention  that  Mesnil  found  sugar  occasionally 
in  the  urine  of  infants  during  the  first  few  days  of  life,  and  Nothnian  - 
found  sugar  in  the  urine  of  premature  infants.  The  presence  of  sugar 
was  shown  by  reduction  tests,  and  in  the  case  of  Nothman  the  osazone 
was  prepared  which  indicated  the  presence  of  lactose.  By  using  the 
Benedict-Osterberg  ^  method,  Greenthal  *  showed  that  the  urine  of  all 
infants  contains  sugar.  This  would  be  expected  from  the  results 
obtained  by  Benedict,  Osterberg  and  Neuwirth.^  These  authors  found 
determinable  quantities  of  sugar  at  all  times,  both  in  the  urine  of  normal 
dogs,  and  those  fasting  for  four-day  periods,  and  in  the  urine  of  adults. 

Thanks  to  the  kindness  of  Dr.  Sauer,  we  were  able  to  obtain  the  urine 
of  a  series  of  new  born  infants  for  sugar  determination. 

The  urine  was  collected  during  the  period  })i  eceding  the  hrst  feeding. 
None  of  the  births  was  difficult,  so  that  the  results  cannot  be  vitiated  by 
the  transitory  traumatic  glycosuria  described  by  Hoeniger.''  The 
method  employed  for  the  determination  was  that  described  by  Benedict 
and  Osterberg,*^  which  has  the  important  advantage  of  eliminating  the 
possibility  of  the  interference,  in  the  determinations,  of  albumin,  which 
occurs  in  the  urine  of  the  newly  born.  In  all  instances,  duplicate 
determinations  were  made,  all  of  which  agreed  very  closely.  In  every 
case  the  urine  was  strongly  acid  to  litmus.  The  first  five  cases  are 
not  recorded  in  the  tables.  They  showed  0.036,  0.034,  0.072.  0.05  and 
0.136  per  cent,  sugar,  respectively. 

Table  1  shows  the  quantitative  determinations  of  sugar  in  the 
urine  of  individual  infants.  In  Tal)le  2,  combined  specimens  from  two 
or  three  infants,  as  indicated,  were  used.  The  amounts  of  urine  ])er 
individual  varied  between  6  and  34  c.c.      Ihc  amounts  of  total  urinary 
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sugar  for  ilu-  collection  pericxl  ranged  from  1.722  to  27.948  mg.,  with 
an  avenige  of  9.5»^6  mg.  The  concentration  of  sugar  in  Tables  1  and 
2  varied  between  0.027  and  0.166  per  cent.,  with  an  average  of  0.078 
per  cent.  Too  much  importance  should  not  be  attached  to  averages 
for  so  few  cases. 

Benedict.  C)sterl)erg  and  Ncuwirth  '  found  sugar  in  the  urine  of 
adults  collected  for  two  hour  periods  in  the  morning  before  food  was 
taken,  in  concentrations  of  from  0.04  to  0.16  per  cent,  for  one  subject 
and  from  0.03  to  0.049  per  cent,  for  another.  Greenthal  *  showed  sugar 
to  be  present  in  the  urine  collected  for  eight  hour  periods  from  infants 
on  ordinary  diets  in  concentrations  of  from  0.045  to  0.092  per  cent. 
The  twenty- four  hour  urine  of  a  normal  adult  on  ordinary  diet  contairied 
from  0.042  to  0.22  per  cent  sugar,  that  of  another  from  0.04  to  0.126 
per  cent. 

TABLE    1. — Quantitative   Detf.rmin.^tion   of   Sugar   in   Urine  of   Infants 


No.      Name                 Amount  Sp.  Gr. 

1.  Dixcn    7  c.c.  1.011 

2.  Keck    6  c.c.  1.007 

3.  White    17  c.c.  1.006 

4.  Brewster 34  c.c.  1.003 

5.  Koran    9  c.c.  1.010 

6.  Brown   9  c.c.  1.012 

7.  Truehlood    10  c.c.  1.012 

8.  Xein    15  c.c.  

9.  Foster   15  c.c.  1.016 

10.  Perry 17  c.c.  1.010 

11.  Farnsworth   11  c.c.  1.010 


Total  Sugai v 

Per  Cent. 

Mg. 

0.078 

5.467 

0.028 

1.722 

0.027 

4.607 

0.082 

27.948 

0.061 

5.540 

0.043 

3.906 

0.051 

5.100 

0.140 

21.420 

0.100 

15.000 

0.072 

13.308 

0.128 

14.102 

0.073 

10.738 

Average 13.6  c.c.  1.009 


In  Tabic  3  two  determinations  of  the  unfermetitable  sugar  are  given. 
There  is  sufficient  reason  to  accept  the  fermentable  sugar  as  glucose, 
but  the  nature  of  the  un fermentable  sugar  is  not  known.  In  this 
table  the  un  fermentable  sugar  was  present  in  lower  percentages  (12.6 
and  30.8  per  cent.)  than  in  the  urine  of  infants  and  adults  on  regular 
diets  or  in  the  urine  of  adults  during  the  fasting  period  of  the  day. 
For  example,  in  urine  collected  from  adults  during  the  two-hour  period 
in  the  morning  before  food  was  taken,  Benedict,  Osterberg  and 
Neuwirth  found  un  fermentable  sugar  to  constitute  from  57  to  72>  per 
cent,  (at  one  time  falling  as  low  as  36.3  per  cent.)  of  the  total  urinary 
sugar  for  one  subject  and  from  41.8  to  71.0  per  cent,  for  the  other. 
For  adults  on   mixed   diets  they   found   the   twenty-four   hour   urine 
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specimens  to  contain  un fermentable  sugar  constituting  from  40  to  65 
per  cent,  of  the  total  urinary  sugar.  Greenthal  *  demonstrated  that  of 
the  total  urinary  sugar  of  infants  on  ordinary  diet,  from  38  to  49 
per  cent,  was  un  fermentable  sugar. 

TABLE   2. — Quantitative   Determination   of    Sugar    in    Combined 
Specimens  of  Urine 

f Total  Sugat ■ 

No.      Name  .Amount  Sp.  Gr.  Per  Cent.  Alg. 

12.  Home 1 

\  23  c.c.  1.009  0.073  16.88' 

13.  Wells   J 

14.  Pratt 1 

15.  Bang [25  c.c.  1.011  0.082  20.55 

16.  Jones ) 

17.  Friedlander  ....  1 

1-  21  c.c.  1.014  0.080  16.926 

18.  Benedict j 

19.  Blair  1 

\  30  c.c.  1.015  0.050  17.4 

20.  Woodburn J 

21.  Morgan 1 

\  12  c.c.  1.016  0.166  19.92 

22.  Morganson  J 

Average    11  c.c.  1.013  0.090  8.334 

Average  of  Tables 

1  and  2....  12.3  c.c.  1.011  0.078  9.536 


The  results  of  this  series  of  urinary  sugar  determinations  show- 
that  sugar  does  constantly  occur  in  the  urine  of  newly  born  infants 
before  food  is  taken,  and  that  it  is  present  in  about  the  same  concen- 
trations as  in  the  urine  of  normal  adults  before  food  is  taken  in  the 
morning. 

TABLE  3. — Determinations  of   Unfermentable   Sugar 

Unfermentable      Total 
Total  Sugar        Fermented  Sugar  Sugar  Sugar 

No.        Name     Per  Cent.      Mg.      Per  Cent.       Mg.       Per  Cent.      Mg.  Per  Cent. 
4.  Brewster    ....0.082        27.948        0.0718        24.416        0.0103        3.532        12.6 

12.  Home 1 

}  0.073        16.88         0.051  11.69         0.021  5.191        30.8 

13.  Wells I 

The  range  of  concentrations  can  easily  explain  why  sugar  is  some- 
times found  in  the  urine  of  the  newly  born  by  the  usual  copper  reduction 
tests.     For    instance,    Mi.ss    Felcher,    working    with    Dr.    Woodyatt," 
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found  that  Haines'  test  gives  a  }X)sitive  reaction  readily  with  a  concen- 
tration of  sugar  in  the  urine  exceeding  0.07  per  cent  when  5  c.c.  of  the 
reagent  and  2  c.c.  urine  are  used. 

As  in  tlie  case  of  aduhs,  as  demonstrated  by  Benedict,  Osterberg 
and  Xeuwirth,  and  of  infants,  as  shown  by  Grcenthal,  this  urinary 
sugar  can  be  separated  into  a  fermentable  and  a  nonfermentable 
portion. 


Heprintcd  from  the  American  Journal  of  Diseases  of  Children 
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THE     NON-SURGICAL     TREATMENT     OF     PYLORIC 

STENOSIS  * 

L.     W.     SAUER.     M.D. 

KVANSTON,     ILL. 

The  treatment  of  pyloric  stenosis  is  a  topic  which  is  still  very  much 
under  discussion.  This  is  mainly  due  to  the  fact  that  some  clinicians 
advocate  immediate  operation  while  others  get  excellent  results  in 
many  cases  without  such  a  radical  procedure.  Good  results  are  often 
obtained  without  surgery  because  the  spasm  frequently  relaxes  when 
certain  dietary  measures  are  instituted.  Operation,  soon  after  the 
diagnosis  is  made,  doubtless  subjects  many  infants  to  unnecessary 
operation.  On  the  other  hand,  persistence  in  unsuccessful  feeding 
may  increase  the  surgical  risk. 

The  statement  occasionally  made  by  some  pediatricians  that  the 
diagnosis  of  pyloric  stenosis  is  synonymous  with  indication  for  opera- 
tion is  not  in  accord  with  the  opinion  held  by  the  foremost  surgeons  in 
this  field.  Thus  Downes,^  points  out  very  clearly  that  medical  treat- 
ment is  justifiable  for  a  period  of  from  seven  to  ten  days,  provided 
the  patient  does  not  lose  too  much  weight  (20  per  cent,  of  the  birth 
weight  is  the  maximum  weight  loss  he  allows).  Of  the  163  cases  of 
pyloric  stenosis  seen  by  Strauss  -  only  107  patients  (65  per  cent.)  were 
operated  on.  He  treated  the  remaining  fifty-six  medically.  He  says: 
"Not  a  single  one  of  the  medically  treated  cases  returned  for  operation." 

Most  workers  agree  that  the  Fredet  ^-Rammstedt  *  operation,  or  a 
modification,  is  the  best  surgical  .procedure  in  those  cases  that  fail  to 
yield  to  proper  medical  treatment.  It  is  true  that  some  surgeons  recom- 
mend immediate  operative  interference  as  soon  as  the  symptoms  of 
pyloric  stenosis  become  manifest.  Thus  it  has  happened  that  on  opera- 
tion no  tumor  was  found. ^  The  abdomen  was  closed  without  further 
interference.  Such  a  procedure  would  be  perfectly  legitimate  if  it  had 
been  shown  that  nonoperative  treatment  could  only  be  successful  in  a 
small  number  of  cases.     But  such  is  not  the  case.     Besides  the  results 


♦Received  for  publication  May  7,  1921. 

*  From  the  Pediatric  Department  of  the  Evanston  Hospital  and  the  Otho 
S.  A.  Spraguc  Memorial  Institute  Laboratory  of  the  Children's  Memorial  Hos- 
pital. Chicago. 

1.  Downes:  J.  A.  M.  A.  75:228  (July  24)  1920. 

2.  Strauss:  J.  A.  M.  A.  75:232  (Julv  24)  1920. 

3.  Fredet:    (Dufour  and  Fredet).  Rev.  de  chir.  37:208.   1908. 

4.  Rammstedt:  Med.  Klin.  8:1702,  1912. 

5.  I  do  n(jt  wish  to  discuss  here  the  appearatice  and  disappearance  ni  tumors 
which  have  been  observed  at  the  time  of  laparotomy. 
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Fig.   1. — Case   1    (31).     Postoperative  adhesions. 
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Fig.  2. — Violet  S.     Postoperative  adhesions. 


3 

of  Strauss,  those  of  Heubncr/'  Ibrahim,"  Porter,''  Sedgwick,''  and 
among  others  my  own  lend  very  strong  support  to  the  statement  of 
Downes  in  regard  to  the  justification  of  medical  treatment.  Indeed, 
it  would,  perhaps,  be  more  correct  to  say  that,  as  long  as  the  patient 
is  doing  fairly  well  an  operation  is  only  justifiable  when  medical  treat- 
ment has  proved  of  no  avail.  An  experienced  surgeon  can  do  this 
operation  with  minimal  risk.  On  the  other  hand,  w'hen  done  by  one  of 
insufficient  experience,  the  mortality  may  be  very  high,  even  when  the 
surgical  risk  was  very  small.     I  speak  here  from  experience. 

That  nearly  moribund  cases  are  a  bad  risk  for  the  surgeon  as 
well  as  for  the  internist  is  self-evident.  Of  the  175  patients  operated 
on  by  Downes  thirty  died.  Eighteen  died  from  collapse  shortly  follow- 
ing operation — all  were  in  extremely  poor  condition.  Four  others  had 
intestinal  complications,  five  developed  peritonitis,  and  the  remaining 
three  died  of  hemorrhage.  Twenty-two  of  his  patients  continued  to 
vomit  in  moderate  degree,  and  in  sixteen  others  the  vomiting  occurred 
in  large  amounts.  X'arious  surgeons  warn  of  the  danger  of  incising 
the  duodenum  with  a  resulting  peritonitis.  Lewis  "  cautions  that  open- 
ing of  the  incision  has  occurred  not  infrequently  when  made  in  the 
linea  alba.  Of  the  twenty-two  patients  operated  on  by  Hill,^^  two 
had  to  have  the  abdomen  reopened.  In  one  of  the  cases  the  opening 
was  inadequate,  in  the  other,  the  wound  broke  open  on  the  sixth  day 
and  on  re-operating  adhesions  were  found. 

Two  cases  with  severe  symptoms  of  postoperative  obstruction  in 
which  the  Fredet-Rammstedt  operation  had  been  performed  by  skilled 
surgeons  are  of  interest ;  so  is  a  case  in  which  the  operation  w^as  inade- 
quate as  all  the  symptoms  of  pyloric  stenosis  jiersisted  for  weeks  until 
thick  cereal  feedings  were  substituted  for  the  breast  milk  feedings. 

REPORT     OF     CASKS 

Cask  1. —  (v31)  Alene  T..  was  born  Aug.  29,  1920,  wei^iiing  7  poinuls.  12 
ounces.  When  seen  the  first  time  at  the  age  of  6  weeks  the  voniitns  contained 
blood.  On  trying  tiiick  cereal  feedings  for  a  week,  the  vomited  material  con- 
tained more  blood.  The  Strauss  modification  of  the  Rammstedt  operaticMi  was 
l)ertormed.  The  result  was  gratifying,  the  vomiting  ceased  and  the  child 
gained  in  weight  on  breast  milk  feedings.  On  the  sixth  day,  the  little  patient 
developed  a  cold  with  fre(|uent  coughing  and  sneezing,  (^n  the  eighth  day  the 
nurse  noticed  that  the  stitches  had  sloughed  and  that  the  wouiul  had  partly 
opened  with  a  partial  e\  isceration.  The  intestines  were  immediately  replaced 
and   the   wound    closed.      There    was    no    rise   in    temperature,    and    after   a    few 


6    Heubner:  Lehrbuch  der  Kinderheilkunde.  I'.d.  3.  \^)l.  1.  p.  218. 
7.  Ibrahim  :    Die    .\ngeborene    IMorusstcnose.    Berlin.    1905.      l-!rgebnisse    d. 
Inn.  Med.  and  Kinderh.  1:20S.  \<m. 

H.  I'orter:  Arch.  I'ediat.  ZSiM^S.  V^'K 

9.  Sedgwick:    Journal   Lancet  37:4.^7.   1917. 

10.  Lewis:  J.  A.  M.  A    75:2.12  (  lulv  24)   1920. 

11.  Hill:  J.  A.   M.   A.  75:2.12   (July  24)    1^20 
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Fig.  3. — Case  7   (14).     Postoperative  vomiting. 
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Fig.  4. — Case  13  (13).    Rosie  R.    Tumor  at  necropsy. 


weeks  the  child  was  sent  to  the  Evanston  Hospital.  During  the  following 
weeks,  there  was  more  or  less  vomiting  and  the  gain  in  weight  was  negligible. 
On  the  twenty-first  day  after  operation  the  vomiting  became  projectile  and 
incessant,  the  child  became  toxic  and  the  bowels  failed  to  move.  The  abdomen 
was  soft,  although  intestinal  peristalsis  could  be  seen  through  the  thin  abdom- 
inal wall.  The  abdomen  was  reopened  within  twenty-four  hours  after  the 
onset  of  severe  symptoms.  The  skin  incision  was  made  parallel  and  lateral  to 
the  original  one.  A  loop  of  small  bowel  had  grown  firmly  adherent  to  the 
parietal  peritoneum  along  the  entire  incision  and  was  removed  with  difficulty. 
Laparotomy  revealed  numerous  adhesions  and  bands.  These  were  released 
and  due  to  the  moribund  condition  of  the  infant  about  80  c.c.  of  uncitrated 
blood  was  given  into  the  sinus.  Recovery  was  very  slow  during  the  following 
two  weeks.  As  more  or  less  vomiting  continued,  barley  flour  paste  made  with 
breast  milk  was  started  two  weeks  after  the  laparotomy.  The  vomiting  ceased 
at  once  and  the  child  gained  7  ounces  the  first  week  and  1  pound  the  following 
week  (Fig.  1).     She  is  now  8  months  old  and  weighs  17  pounds. 

Case  2. — Violet  S.  was  seen  for  the  first  time  Jan.  19,  1921,  at  the  age  of 
4  months,  weighing  5  pounds  and  12  ounces.  The  Rammstedt  operation  had 
been  performed  at  the  age  of  6  weeks.  There  had  been  no  gain  in  weight 
since  the  operation.  The  athreptic  infant  was  getting  condensed  milk,  had  an 
enteritis  and  bronchitis  with  a  temperature  of  101  F.  There  was  no  vomiting. 
The  child  was  given  50  c.c.  of  uncitrated  blood  intra-muscularly  and  fed 
breast  milk.  In  the  course  of  the  following  three  weeks  the  infant  gained  1 
pound.  February  7  severe  vomiting,  constipation  and  toxic  symptoms  rapidly 
developed.  The  abdomen  was  soft.  Laparotomy  was  performed  thirty-six 
hours  after  the  onset  of  symptoms.  The  report  of  the  surgeon,  Dr.  W.  C. 
Danforth,  follows  : 

The  child  was  extreme'y  emaciated,  the  abdominal  wall  thin,  moderately  distended  but 
without  rigidity,  showing  very  plainly  distended  coils  of  intestine.  On  opening  the  abdo- 
men, many  adhesions  were  present,  omentum  to  abdominal  wall  at  the  site  of  the  previous 
scar,  light  adhesions  of  coils  of  bowel  one  to  another  and  in  the  ileum  volvulus  involving  five 
inches  of  bowel  twisted  sharply  on  its  mesentery.  The  strangulated  area  of  bowel  was  very 
dark  in  color,  but  showed  slight  improvement  in  color  on  relief  of  the  volvulus.  In  the 
mesentery  thrombotic  enlarged  veins  were  seen.  The  intestine  below  the  area  involved  in 
the  volvulus  was  flattened,  resembling  coils  of  tape.  As  the  strangulated  bowel,  after  the 
application  of  hot  laparotomy  pads  for  a  few  moments,  showed  a  slight  improvement  in  color, 
and  as  the  child's  condition  was  desperate,  it  was  determined  to  do  nothing  further  and  the 
abdomen  was  closed. 

•  The.  essentials   of   the   convalescence   are   noted    in    Dt.    Sauer's    report.      We   were   greatly 
and   agreeably    surprised   at   the   recovery   which   the   child    was   able   to   make. 

The  moribund  infant  was  given  60  c.c.  of  uncitrated  blood  into  the  sinus. 
The  recovery  was  slow  during  the  following  two  weeks.  February  27  the 
infant  was  given  barley  flour  paste  made  as  follows:  Skimmed  milk,  12  ounces; 
water,  4  ounces ;  barley  flour,  2V2  ounces ;  dextri-maltose,  1  ounce.  Boiled  one 
hour.  Two  and  one-half  ounces  in  four  feedings;  three  ounces  breast  milk  in 
three  feedings.  The  infant  gained  8  ounces  in  the  following  week.  10  ounces 
the  week  after  that.     She  now  weighs  over  10  pounds  (Fig.  2). 

Cask  3.  (14). — Nancy  B.,  was  born  Dec.  15.  1918,  weighing  6  pounds 
10  ounces.  When  seen  the  first  time  (Jan.  17.  1919)  the  infant  had  a  tem- 
perature of  102  I*",  besides  manifesting  the  typical  symptoms  of  stenosis.  A 
tumor  could  not  be  palpated,  and  the  child  was  having  from  three  to  four 
stools  a  day  (the  family  physician  having  ordered  15  drops  of  milk  of  mag- 
resia  before  each  nursing).  Dextrose — Ringer's  solution  was  given  by  rectum 
and  subcutaneously.  A  catherized  specimen  of  urine  contained  much  i)us, 
albumin  and  hyalin  casts.  The  temperature  varied  from  101-105  V.  The  Ramm- 
stedt operation  was  performed  January  24.  An  average  si/cd  tumor  was  foimd. 
She  received  breast  milk  until  I'Vbruary  22  (four  weeks)  without  any  influence 
on  the  vomiting  or  weight.  .Xs  the  bladder  condition  had  cleared  up  and  the 
temperature  was  normal  or  subnormal,  it  was  considered  safe  to  begin  thick 
cereal    feedings.     This    was   done   cautiously    during   the    following    week.      The 


food  was  made  as  foUuus:  Cow's  milk  or  breast  milk,  12  ounces;  water. 
8  ounces;  barley  flour,  2  ounces;  dextri-maltose,  1  ounce.  Boiled  one  hour. 
By  the  end  of  the  first  week  of  thick  cereal  feeding  breast  milk  was  discon- 
tinued entirely.    She  made  an  uneventful  recovery  (Fig.  3). 

These  three  cases  show  what  complications  may  occur  after  opera- 
tion, even  when  operation  is  performed  by  skilled  surgeons.  These 
cases  fall  in  line  with  observations  published  by  other  observers. 

A  few  remarks  about  operative  cases  may  not  be  amiss.  Fluids 
should  frequently  be  given  subcutaneously  or  by  rectum  before  or 
immediately  after  the  operation.  Blood,  intramuscularly  or  into  the 
sinus,  is  of  unquestionable  benefit  in  extreme  cases.  Breast  milk 
should   be  given    whenever   available.      If   the    supply   is   insufficient, 


Fig.  5.  Case  13.  Series  A.— Two  hours  after  bismuth  milk  feeding  (Strauss 
position). 

albumin  milk  may  be  of  value.    Morgan  "  and  CK)ldbloom  and  Spence  " 
have  detailed  the  postoperative  management  of  Downes'  cases. 

Heubner,  feeding  breast  milk  to  twenty-one  infants  with  pyloric 
stenosis,  had  a  mortality  of  9.5  per  cent.,  Sedgwick,  using  the  same 
method  in  forty-four  cases,  lost  but  one  patient.  Of  the  eighty-three 
cases  collected  from  the  German  literature  by  Ibrahim,  the  mortality 

12.  Morgan:  Am.  J.  Dis.  Child.  11:245   (March)    1916. 

1.^.  Goldbloom  &  Spence:  Am.  J.  Dis.  Child.  19:263  (March)   1920. 


was  22.9  per  cent.  Finkelstein  and  Meyer  ^*  claim  that  no  method  of 
feeding  will  stop  the  vomiting  in  pyloric  stenosis.  On  the  other  hand, 
Birk  ^^  advocated  the  use  of  cornmeal  gruel.  In  his  book  a  weight 
chart  shows  very  conclusively  that  the  infant  gained  rapidly  as  soon 
as  this  food  was  substituted  for  breast  milk.  Porter,  using  my  method 
of  cereal  feeding,  got  rapid  cures  in  ten  successive  cases.  Moll  ^^ 
reports  good  results  with  cake-flour  paste. 

Thick  cereal  feeding  is  not  a  panacea  for  pyloric  stenosis.  There 
are  undoubtedly  cases  which  do  not  respond  to  the  treatment  as 
expected.     Sometimes  this  is  the  fault  of  the  physician  and  not  the 


Fig.  6.  Case  13.  Series  .\. — l'"our  hours  after  histnr.th  milk   feeding   (Strauss 
position). 


patient.  Several  of  my  patients  (Cases  6,  8,  IS)  would  doubtless  have 
made  more  rapid  progress  if  the  proper  precautions  had  been  taken 
throughout  the  treatment.  In  favorable  cases,  the  immediate  decrease 
or  cessation  of  vomiting  and  the  rapidity  of  weight  increase  are  very 
striking  (see  table). 


14.  Finkelstein    and    Mevcr :     Feer :     Lelirhucli    <ler    Kitulerlieilkunde.     Tena. 
Fischer.   1914. 

15.  Birk:   (translated  hv  SchhM/)   N.  V.  Rehman  vK:  Co..  1016. 

16.  Moll:  Ztschr.   f.  KincUrh.  22:147.   I^IQ. 


Success  often  <lq>eiuls  on  the  proper  preparation  and  administra- 
tion of  the  thick  cereal.  It  nnist  be  cooked  thoroughly  and  be  suffi- 
ciently thick  to  adhere  to  an  inverted  sj)Oon.  The  influence  of  con- 
vivf.iuv  iv  illustniu-d  by  the  following  two  cas^s : 

1.ANK  4  iO).— Nelson  L.,  weight  8  pounds  and  4  ounces  at  birth,  was  seen  for 
the  first  time  at  the  age  of  3  months.  Various  pediatricians  had  seen  him  and 
had  trie<l  various  dietary  measures.  A  tumor  was  palpable.  One  insisted  that 
operation  was  necessary'.  Dr.  H.  F.  Helmholz  prescribed  thick  cereal  feedings. 
There  was  no  gain  in  weight  and  the  projectile  vomiting  continued  for  ten 
days.    On  visiting  the  home  it  was  found  that  the  consistency  of  the  food  was 


Kig.  7.  Case  13.  Scri.s  A —Four  hours  af.er  bsnu  h  milk  feeding. 
(Very  little  has  left  the  stom-ich.) 

too  thin.  When  this  error  was  corrected,  the  vomiting  immediately  became  less 
and  the  gani  in  weight  was  rapid.  Peristaltic  waves  persisted  for  many  weeks 
but  all  other  symptoms  of  stenosis  soon  disappeared.  The  child  now  attends 
school  and  has  never  had  a  recurrence  of  symptoms.  He  is  about  10  per  cent. 
alx)vc  the  average  weight  for  his  height. 

Case  5.  (16).— Thomas  N.,  weighing  7  pounds  and  14  ounces  when  first  seen 
at  the  age  of  6  weeks,  presented  a  typical  picture  of  stenosis.  As  the  milk 
mixture  the  physician  had  ordered  was  considered  adequate,  the  only  change 
made  m  the  diet  during  the  first  month  was  the  addition  of  six  tablespoonfuls 
of  farina.  This  made  the  food  sufficiently  thick  and  the  vomiting  became  very 
much  less     He  gained  1/  ounces  during  the  first  month  of  this  feeding 


One  part  of  cereal  to  seven  parts  of  fluid  (three  of  milk  and  four 
of  water),  boiled  in  a  covered  double  boiler  for  an  hour,  usually  makes 
a  cereal  of  proper  consistency.  Such  a  food  consists  of  about  15  per 
cent,  cereal.  Sugar  and  salt  may  be  added.  Most  of  the  cases  were 
started  on  a  cereal  as  follows,  and  then  the  proportions  were  changed 
from  time  to  time  as  occasion  demanded :  skimmed  milk,  9  ounces ; 
water.  12  ounces;  farina  or  rice  flour,  6  tablespoonfuls ;  dextri-maltose, 
3  tablespoonfuls.  Boil  an  hour  or  more  in  a  covered  double  boiler  until 
thick.    The  consistency  of  the  food  requires  careful  supervision. 

A  satisfactory  way  to  give  the  food  is  to  have  the  required  amount 
of  the  prepared   food  in  a  cup  immersed  in  a  shallow  saucepan  con- 


Ki^.  <^.    Case  13.    Series  B.—* Two  hours  after  bismuth  farina  teedini?  (Strauss 
position). 

taining  hot  water.  By  taking  a  little  of  the  warm,  thick  cereal  on  the 
end  of  a  narrow  tongue  depressor  it  can  very  easily  be  ])laced  far 
back  into  the  open  mouth  and  scraped  off  with  another  tongue  depressor. 
Porter  recommends  the  use  (){  a  hygcia  ni])ple  with  an  enlarged  hole. 
A  great  deal  of  patience  is  usually  required  the  first  few  days,  as  the 
young  infant  often  keeps  the  thick  cereal  in  the  mouth  some  time  before 
swallowing  it.  At  first,  an  hour  or  more  may  be  required  to  give  a 
feeding  of  a  few  tablespoonfuls.  but  this  difticully  is  soon  overcome  in 
most  cases.  'I'wenty-three  of  my  patients  were  taken  care  of  in  the 
home. 
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From  two  to  six  tablesixK)nfuls  of  such  cereal  may  Ije  given  six 
or  seven  times  a  day.  When  breast  milk  is  available,  one  may  try 
giving  one  or  more  tablesi)<H)nfuls  of  the  cereal  before  the  nursing  or 
bottle  breast  milk  feedings.  If  such  a  regime  proves  unsuccessful,  four 
thick  cereal  feedings  and  three  breast  milk  feedings  should  be  tried 
for  a  few  days.  If  this  fails  to  stop  the  vomiting  and  loss  in  weight, 
then  all  feedings  should  consist  of  the  thick  cereal.  In  severe  cases,  the 
latter  procedure  should  be  instituted  at  once.  Any  available  breast  milk 
should  be  added  to  the  cereal  replacing  the  cow's  milk.  The  child 
should  be  placed  on  its  right  side  for  a  few  hours  following  the  feed- 
ing. It  must  ht  handled  very  little  and  should  rest  on  a  medium  soft 
pillow.    In  my  last  twenty- four  cases  the  stomach  was  not  washed  out. 


Fig.  9.  Case  13.  Series  B. — Four  hours  after  bismuth  farina  feeding  (Strauss 
position). 

in  fact,  very  little  fluid  was  given  by  mouth  for  the  first  few  weeks. 
Water  must  be  furnished  at  regular  intervals,  preferably  by  retention 
enema,  by  the  Murphy  drip  method  or  by  hypodermoclysis. 

After  thick  cereal  feedings  have  been  persisted  in  for  some  time, 
liquid  foods  also  pa.ss  through  the  pylorus.  This  interval  varies  in 
different  cases — it  usually  requires  at  least  from  five  to  eight  weeks 
before  an  appreciable  amount  of  liquid  food  can  be  given  without  being 
•  vomited.  The  safest  way  to  proceed  when  this  time  has  apparently 
arrived  is  to  substitute  for  one  and  later  for  several  of  the  thick  cereal 
feedings  ordinary  milk  mixtures.     If  vomiting  is  not  provoked  in  this 
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way  the  child  can  be  put  on  a  milk  mixture  without  much  further 
trouble  in  spite  of  persistent  peristaltic  waves  and  palpable  tumor. 
During  the  past  few  years  rice  flour  and  barley  flour  have  been  used  in 
place  of  or  in  conjunction  with  farina. 

Results  in  Thirty-Five  Cases  of  Pyloric  Stenosis 


No. 

Name 

Age     Weight 

in      in  Lbs. 

Wks.   and  Oz. 

Weight 
1  Mo. 
Later 

Ounces     Treat- 
Gain  in      raent 
IMo. 

Result                Remarks 

1 

Ruth  r 

6           5.0 

6.12 

28      !    C,  Br. 

8           C,  Br. 
28               C 
28               C 
20               C 
16               C 
20               C 

0           C,  Br. 

0            c 

16  C 
3             CO 

24                C 
34                C 
0            0,  C 
0             CO 

17  C 
26               C 

2 

3 

Steph.  W 

Lloyd  T 

3  9.8 

13  7.8 

4  6.4 

14  10.0 
14           8.8 
10           6.8 

7           8.4 
7           6.12 
4           5.4   • 
3           6.9 
22         11.4 
12           .o.o 

10.0 
9.14 
8.0 

11.4 
9.8 
7.12 
8.4 
6.12 
6.4 
6.12 

12.12 
7.2 
6.4 
T.O 
8.15 

n.2 

9.7 

9.8 

iois" 

10.2 
9.10 

8.8 



•7:ii 

i-iii' 

•i:i2 

7.12 

7.8 
7.0 

Recovery 
Recovery 
Recovery 
Recovery 
Recovery 
Recovery 
Recovery 
Improved 
Recovery 
R<covery 
Recovery 
Recovery 
Recovery 

Died 
Recovery 

Home  i  nd  motl.er 

4 

Harry  H.  .     , 

Home  and  mot  er 

5 

6 

Claren. T 

Nelson  L.  . 

Home  and  mother 
Home  an  1  nurs ' 

7 
8 
9 

Robt.  D 

John  A 

John  B 

Home  and  motl.er 
Home  and  uursi' 
Hospital 

10 

Betty  H 

11 

Donald  F 

Home  and  nur"^*' 

12 

Betty  M 

13 

Rosie  R.      ... 

Hospital 

Hospital 

Hospital 

Home  and  mother 

Home  and  mother 

14 
15 
16 
17 

Nancy  B 

Betty  C 

Thos.  N 

BlainB 

5 
11 

6 
12 

6.4 
7.0 
7.14 
9.8 

18 
19 
20 

Norm.  S 

Virgin.  D 

Henry  D 

12  7.15 
14           7.12 

5           6.8 
9           7.0 

13  8.12 
8           7.3 
7           6.8 
5           6.12 
5           9.1 
3           6.14 

24              C           Recovery 
28               C           Recovery 
54              C           Recovery 

C               Died 
28               C           Recovery 
47              C           Recovery 
50              C           Recovery 
28              C           Recovery 
CO         Recovery 
CO         Recovery 

Home  and  mother 
Home  and  mother 
Hospital 

21 
22 
23 

Edw.  P 

James  B 

James  C 

Hospital 

Home  and  mother 

Home  and  mothor 

24 

Warren  P 

Home  and  mother 

25 

John  W 

Home  and  mother 

26 
27 

Chas.  S 

Ward  P 

Hospital 
Hn.snital 

28 
29 
30 

WiUiamM 

Jerome  R 

John  Be 

9 
4 

12 
5 
5 
7 

6.9 
6.6 
10.8 
6.14 
8.4 
6.9 
6.8 
6.4 

18              C           Rt  CO  very     Home  and  mother 

CO              Died          Hospital 
28              C           Recoveiv     Home  and  motl.er 

31 

Alene  T 

Co         Recovery     Hospital 

32 
33 
34 

Everett  W 

Wm.M 

Clair  W 

C           R.covery     Hospital 
19               C           Recovery     Home  and  mother 
16              C           Rtcovirv     Home  and  mother 

85 

Edw.  N 

12               C           Rncoverv     Home  and  mother 

C  thick  cereal;  0,  operation;  Br.,  breast  milk. 
) 

This  report,  covering  thirty-five  cases  of  pyloric  stenosis,  gives 
the  results  of  all  cases  seen  from  1914-1921  (see  table).  In  a  previous 
communication,^'  the  first  twelve  cases  were  reported  .somewhat  in 
detail.  Twenty-two  of  the  patients  gained  a  pound  or  more  during 
the  first  month.  Twenty-  four  gained  from  the  start.  lughteen  were 
taken  care  of  in  the  home  by  the  mother.  One  of  my  thirty-five  patients 
died  while  receiving  thick  cereal.  This  boy  (Case  21)  was  admitted  to 
the  hospital  when  9  weeks  old  weighing  7  pounds.  The  vomiting 
decreased  as  soon  as  the  thick  cereal  was  begun.  There  was  no  gain  in 
weight.  The  child  died  suddenly  on  the  ninth  day.  Xo  necrop.sy  was 
obtainable. 

Operative  Cases. — Five  of  the  .seven  operated  patients  recovered. 


17.  Saner:  .\rcli.  PcMiat.  S5:.W.  191 S. 
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Case  6  (II ).— Donald  F.  This  case  is  of  interest  because  peristaltic  waves  were 
never  visible,  nor  could  a  tumor  be  |>alpated.  The  projectile  vomiting  began  when 
the  child  was  2  weeks  old.  The  vomiting  occurred  after  most  nursings. 
During  the  hrsl  few  days,  a  tablespoon ful  or  more  of  thick  cereal  was  given 
before  the  nursings.  As  this  was  without  effect,  three  thick  cereal  feedings 
were  given,  alternating  with  four  nursings.  The  cereal  was  retained  better  than 
the  breast  milk,  but  the  weight  remained  stationary.  After  another  week,  six 
cereal  feedings  were  given,  the  breast  milk  being  added  to  the  thick  cereal. 
In  spite  of  the  best  nursing  care,  decrease  in  the  vomiting  and  from  one  to 
three  l)owel  movements  a  day,  the  child  failed  to  gain.  The  vomiting  occurred 
a  few  times  a  day  but  wa^  very  forceful.  At  operation,  a  tumor  much  larger 
and  harder  than  usually  encountered,  was  incised.  The  child  made  an  unevent- 
ful recovery,  being  weaned  at  nine  months. 


I'ig.  10.  Case  13.  Series  B.— Four  hours  after  bismuth  farina  feeding  (stomach 
nearly  empty). 


Cask  7  (14).— .\ancy  B.  This  was  a  case  of  pyelocystitis  complicating  the 
pyloric  stenosis.  When  first  seen,  the  baby  was  5  weeks  old  and  weighed  6  pounds 
4  ounces.  Her  temperature  was  above  104  F.  She  was  given  fluids  subcu- 
taneously  and  by  rectum  and  the  Strauss  modification  of  the  Fredet-Rammstedt 
operation  was  performed  a  few  days  later  (temperature  102  F.).  The  vomit- 
ing continued  for  four  weeks  after  operation,  although  the  cystitis  had  entirely 
cleared  up  (temperature  normal  for  several  weeks).  Having  received  breast 
milk  tor  four  weeks  after  operation  without  a  gain  in  weight,  thick  cereal 
feedings  were  gradually  substituted.  The  vomiting  ceased  within  three  days 
and  the  child  gained  18  ounces  during  the  first  month  of  thick  cereal  feeding 
I  he  nptration  in  this  case  was  inadequate   (Fig.  3). 

admi^t'c.d*l./lh^'7^''7iSi!''^'    "    '''^^^'.  °'^   ^"^   ^^'»^^^   7   pounds    when 
a<Imitted   to   the  ho.spital.     She  was   a   patient   of   Dr.   H.   F.   Helmholz.     Hef 
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admission  temperature  of  102  F.  was  probably  due  to  'intiuenza."  This  was 
followed  by  a  purulent  otitis  media  and  a  subsequent  bronchopneumonia.  The 
vomiting  was  not  very  severe,  but  the  roentgen  ray  showed  that  the  food  did 
not  leave  the  stomach  entirely  at  the  end  of  four  hours.  As  the  weight 
remained  stationary  during  the  fifty  days  of  thick  cereal  feeding,  the  Fredet- 
Rammstedt  operation  was  performed  under  local  anesthesia.  The  child  vomited 
large  quantities  of  blood  after  operation.  She  died  three  days  later  in  spite 
of  two  blood  transfusions.     There  was  no  necropsy. 

Case  9  (26). — Chas.  S..  was  referred  by  a  pediatrician  who  had  tried  the 
thick  cereal  without  result.  The  child  was  5  weeks  old  and  weighed  9  pounds 
1  ounce  (8  ounces  less  than  at  birth).  He  lost  9  ounces  during  the  twelve  days 
he  was  under  my  care.  As  he  seemed  to  be  suffering  severe  pain,  the  Strauss 
modification  of  the  Fredet-Rammstedt  operation  was  performed.  Recoveiy 
was  uneventful. 

Case  10  (27). — Ward  P.,  had  projectile  vomiting  on  the  fourth  day  after 
birth.  The  vomiting  subsided  after  a  few  days  and  the  child  regained  his 
birth  weight  (8  pounds  2  ounces)  on  the  sixteenth  day  when  he  was  circum- 
cised. That  night  the  projectile  vomiting  was  much  increased  and  continued 
to  be  very  forceful.  Peristaltic  waves  were  not  very  prominent.  Roentgeno- 
grams taken  four  hours  after  a  thick  cereal  feeding  showed  that  very  little  food 
passed  beyond  the  pylorus.  The  child  lost  21  ounces  in  six  days.  In  spite  of 
lavage,  bottle  breast  milk  feedings  and  attempted  duodenal  feedings  the  weight 
continued  to  decrease  rapidly.  The  Fredet-Rammstedt  operation  was  performed 
on  the  twenty-second  day.  Tlfe  tumor  was  not  very  large  and  not  very  hard. 
Recovery  was  rapid  on  breast  milk. 

Case  11  (29). — Jerome  R.,  never  regained  his  birth  weight  as  the  vomiting 
began  a  few  days  after  birth.  He  was  first  seen  when  6  weeks  old.  weighing 
6  pounds  6  ounces.  Thick  cereal  feedings  had  been  attempted  in  the  rural 
home  by  another  pediatrician  under  rather  adverse  circumstances.  When 
admitted  into  the  hospital  his  general  condition  w-as  poor.  As  he  frequently 
refused  to  swallow  the  food  and  often  appeared  drowsy  he  was  operated  on 
eleven  days  after  admission.  He  died  rather  suddenly  two  days  after  operation. 
No  necropsy  was  obtainable.     There  were  no  manifest  complications. 

Case  12  (31). — Alene  T.,  was  admitted  when  4  weeks  old.  weighing  7  pounds 
(5  ounces  less  than  at  birth).  Thick  cereal  feedings  were  given  for  about  a 
week,  during  which  time  she  lost  6  ounces.  As  the  vomitus  frequently  con- 
tained appreciable  quantities  of  brown  blood,  she  was  operated  on.  She 
gained  rapidly  the  following  week,  then  a  pharyngitis  developed  which  was 
accompanied   by  other  complications.     (For   subsequent  details  see  above.) 

Some  clinicians  and  surgeons  consider  the  roentgen  ray  an  aid  in 
diagnosis.  Others  use  roentgenography  to  determine  the  de;^roe  of 
patency  of  the  pylorus.  Downes  and  Holt  ^^  consider  it  of  no  diag- 
nostic value  in  typical  cases.  Strauss  believes  that  a  *'fliior()sc()j)ic  exam- 
ination shows  definitely  not  only  if  there  is  a  congenital  pyloric  stenosis, 
but  also  if  the  patient  should  be  treated  medically  or  surgically.  It 
from  70  to  80  i)er  cent,  of  the  bismuth  milk  goes  through  within  four 
hours,  there  will  undoubtedly  be  recovery,  irrespective  of  any  clinical 
symptoms  or  tumor."  The  estimation  of  the  auK^nnt  left  in  the  stomach 
at  the  end  of  four  hours  requires  a  lot  of  ex])erience,  to  say  the  least. 

Our  experience  with  the  roentgen  ray  in  this  connection  is  of  excep- 
tional interest.    The  first  case  which  was  subjected  to  such  examination 


18.  Holt:  J    A.  M.  A.  68:1517  (  Mav  2(^)   V)\ 
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is  reported  here  in  detail.  This  girl  baby  (Case  13)  is  undoubtedly 
the  most  interesting  case  of  the  whole  series.  Pictures  were  taken  also 
of  Cases  15.  16,  20.  27,  31  and  12.  I*ictures  were  taken  with  bismuth 
milk  (Scries  A)  and  a  few  days  later  with  bismuth  thick  cereal 
(Series  B).  The  only  change  made  in  the  formula  was  the  addition 
of  sufficient  farina  to  make  it  thick.  Roentgenograms  were  made 
with  the  patient  in  the  |X)sition  advocated  by  Strauss,  Also  with  the 
infant  lying  on  the  back.  Roentgenograms  were  taken  immediately 
after  the  feedings,  also  one,  two  and  four  hours  later. 

The  first  series  shows  that  most  of  the  bismuth  milk  was  still  in 
the  stomach  at  the  end  of  four  hours,  irrespective  of  the  position  of 
the  child.  In  the  second  series,  the  same  food,  thickened  with  farina, 
quickly  passed  into  the  duodenum  and  the  stomach  was  nearly  empty 
at  the  end  of  four  hours.  This  infant,  according  to  Strauss'  standard, 
would  need  operation.  She  was  not  operated  on,  but  was  given  thick 
cereal  and  gained  34  ounces  in  thirty  days  (Fig.  4).  She  died  of  gonor- 
rheal peritonitis  some  months  later.  A  typical,  cartilaginous  hyper- 
trophy of  the  pylorus  was  found,  in  spite  of  the  fact  that  she  had 
l>een  absolutely  free  from  feeding  disturbance  for  a  number  of  months. 
Ibrahim,'"  Wernstedt,^"  Bloch,^'  Batten,^^  Simon,^^  and  others  have 
rejx)rted  cases  of  known  pyloric  stenosis  in  which  the  patient  died 
months  or  years  after  recovery  without  operation,  but  in  which  the 
cartilaginous  tumor  persisted. 

Only  two  of  the  thirty-five  cases  included  in  this  series  failed  to 
.show  the  cardinal  signs  of  pyloric  stenosis.  In  Case  11  there  were  pro- 
jectile vomiting,  loss  in  weight,  constipation,  but  at  no  time  were 
I>eristaltic  waves  seen  or  a  tumor  palpated.  At  operation  a  typical 
cartilaginous  tumor  much  larger  than  usual  was  found.  In  Case  14 
peristaltic  waves,  projectile  vomiting,  rapid  loss  in  weight,  diarrhea 
and  fever  were  noted.  The  former  was  due  to  the  giving  of. milk  of 
magnesia  before  the  nursings,  the  latter  to  a  pyelitis.  At  operation  a 
typical  tumor  was  found.  In  the  remaining  thirty-three  cases  typical 
l)eristahic  waves,  projectile  vomiting,  loss  in  weight  and  constipation 
were  pre.sent.  In  sixteen  of  the  cases  a  tumor  was  palpated.  Eighteen 
of  the  ca.ses  were  on  the  breast  when  symptoms  began.  The  cases 
were  similar  to  those  which  had  been  subjected  to  operation  before 
1914. 


19.  Fl)rahini:    Krgchnisse  d.  Inn.  Med.   f.  Kindcrh.  1:208.  1908. 
2(),  Wcrnstedt:    Jahrh.  f.  Kinderh.  15:674.  1907. 

21.  Bloch:    Jahrl).  f.  Kinderh.  15:337,  1907. 

22.  Batten:    Lancet  2:15ir.   ^-99. 

2.^.  .Simon:    Jahrl).  f.  Kinderh.  28:331.   1911. 
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When  the  diagnosis  of  pyloric  stenosis  is  n-ade  the  author  tells 
the  parents  the  nature  of  the  aihnent  and  that  an  operation  niav  be 
necessary,  but  that  thick  cereal  feedings  will  be  tried  for  a  short  time 
to  see  whether  the  symptoms  improve.  The  general  cc^ndition  of  the 
patient,  the  stools,  urine,  vomitus,  weight,  food  and  feeding  technic  are 
closely  watched.  The  presence  of  a  palpable  tumor  or  the  size  of  the 
peristaltic  waves  have  no  bearing  in  making  a  decision.  The  weight, 
severity  of  vomiting,  paucity  of  fecal  material,  complications  and  the 
general  condition  of  the  patient  are  the  factors  that  determine  how 
long  thick  cereal  feedings  may  be  tried.  Fluids,  preferably  6  per  cent, 
dextrose  Ringer's  solution,  are  always  given  regularly  by  rectum  or 
subcutaneously.  If,  after  a  thorough  trial  (from  one  to  two  weeks) 
the  vomiting  fails  to  subside,  if  the  weight  fails  to  increase,  or  if  the 
general  condition  of  the  child  gets  worse,  operation  is  resorted  to.  In 
some  cases  conditions  may  be  such  that  early  operation  may  be  advis- 
able, for  example,  when  infants  come  under  observation  in  a  very  ema- 
ciated state  and  fail  to  respond  immediately  to  the  treatment. 

With  so  much  still  unexplained  about  the  mechanism  of  the  normal 
pylorus,  it  is  impossible  to  give  a  satisfactory  explanation  of  how  the 
thick  cereal  passes  into  the  duodenum  in  case  of  pyloric  stenosis  while 
the  same  food  thinned  out  (to  reduce  its  consistency)  is  promptly 
vomited.  Moritz  ^*  found  that  in  the  adult  solid  food  inhibited,  and 
water  stimulated  gastric  peristalsis.  Schiile  ^''  found  fluid  foods  to 
increase  the  motility  of  the  stomach.  If  one  watches  the  events  with 
the  fluoroscope  after  ingestion  of  bismuth  thick  cereal  it  is  seen  that 
the  mass  gravitates  to  the  pylorus  and  that  more  material  ])asses  through 
in  a  given  time  than  with  bismuth  milk. 

SUMMARY 

1.  The  use  of  thick  cereal  in  thirty-hve  cases  of  pyloric  s»enosis 
brought  about  a  rapid  gain  in  weight  in  twenty- four  cases  and  was 
effective  in  twenty-eight  of  the  thirty-five  cases. 

2.  The  prei)aration  and  administration  of  the  food  are  important. 

3.  Patients  should  be  operated  on  if  the  thick  cereal  fails  to  bring 
about  im])r()venu'nl  in  from  one  to  two  weeks. 

4.  Complications   following  operation  are  not   infre([uent. 

5.  Thick  cereal  feedings  may  be  valuable  when  vomiting  continues 
after  operation. 


24.  Moritz:  Ztschr.  f.  Biol.  42:572.  1901. 

25.  Schiilc:  Ztschr.  f.  klin.  Mod.  29:7.3.  1896. 
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CONCLUSION 

In  cases  of  pyloric  stenosis  proper  medical  treatment,  supported, 
when  necessary,  by  proper  oper.itive  treatment,  will  give  the  best 
re>ults. 
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OBSERVATIONS     ON     THE     CAPILLARIES     OF 
THE     NORMAL     INFANT  * 

KATHERINE     M.     MAYER 

CHICAGO 

While  seeking  a  method  to  determine  the  capillary  blood  pressure, 
Lombard  ^  discovered  that  the  circulation  in  the  capillaries  of  the 
living  person  could  be  observed  with  a  microscope.  The  skin  was 
rendered  transparent  with  either  glycerin  or  cedar  oil.  Magnifications 
of  from  ten  to  twenty-five  times  were  found  best.  For  illumination 
he  used  either  a  Nernst  lamp  or  daylight.  Later  Weiss  ^  observed 
the  capillaries  of  persons  suffering  from  various  diseases.  In  his 
method  the  electric  light  rays  pass  through  a  series  of  lenses  before 
striking  the  area  of  skin  to  be  illuminated;  later,  he  used  only  one 
lense.^  In  determining  capillary  blood  pressure,  Danzer  and  Hooker  * 
used  merely  a  strong  electric  light  and  castor  oil  with  their  pressure 
apparatus  and  objective  3  and  ocular  4  of  the  microscope. 

The  apparatus  used  to  make  my  observations  is  very  simple  and 
not  bulky.  It  consists  of  a  small  electric  lamp  (Fig.  1)  with  a  strong 
convex  lense  made  in  the  bulb.^  The  lamp  is  attached  to  the  objective 
of  the  microscope  by  a  metal  attachment,  in  such  a  way  that  the  light 
and  the  microscope  can  be  focused  on  the  same  area.  Objective  3  and 
ocular  2  were  found  best.  The  area  to  be  observed  is  first  cleaned  with 
green  soap,  then  with  alcohol,  and  well  dried  before  the  glycerin  or 
cedar  oil  is  applied.  The  oil  renders  the  skin  transparent  by  penetrating 
the  epidermis  and  so  doing  away  with  the  light  reflections  from  the 
uneven  surface.  In  very  young  children,  the  oil  can  be  applied  directly 
without  the  preliminary  cleaning.  The  third  finger  of  the  infant  is 
strapped  loosely,  with  a  narrow  strip  of  adhesive  plaster  to  a  wooden 
tongue  depressor.  With  slight  pressure  on  the  knuckle  the  finger  can  be 
held  quite  firmly  without  interfering  much  with  the  circulation  at  the 
nail  fold.  Observations  are  made  in  the  area  about  the  middle  of  the  nail 
fold.     The  infants  were  taken  after  the  morning  feeding,  when  they 
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would  most  likely  sleep  or  l)e  quiet.  Needless  to  say,  it  :s 
iniiK>ssible  to  make  observations  when  the  child  is  irritable  or  very 
restless. 

In  1892,  Spalteholz "  studied  the  distribution  of  the  blood  vessels  in 
the  skin  by  injecting  the  vessels  with  a  colored  gelatinous  solution. 
Among  his  conclusions  is  the  following  statement : 

All  the  vessels  which  go  to  the  papillae  originate  from  the  anastomizing 
vessels  in  the  subcapillary  plexus,  and  always  in  the  form  of  small  trunks, 
whose  smallest  branches  run  a  short  distance  in  the  direction  of  the  papillary 
rows,  i)cri>endicular  under  these,  and  run  without  further  anastomoses  and 
send  their  capillaries  into  the  papillae.  .  .  .  (This  coincides  with  my  obser- 
vations.) All  arteries  leading  to  the  skin  and  their  larger  branches  are  the 
same  in  distribution  and  number  in  the  new-born. 


Fig.   1. — Microscope  with   lamp  attached. 

He  makes  no  statement  concerning  the  end  capillaries  of  th^  skin 
in  the  new-born. 

In  1919,  Holland  and  Meyer  ^  observed  the  capillaries  in  healthy 
normal  children,  and  in  those  with  exudative  diathesis.  They  used  the 
method  described  by  Weiss.  They  describe  and  illustrate  their  findings 
in  detail  as  follows : 
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In  two-day  old  infants  the  end  loops  do  not  extend  into  the  limbus  (tis- 
sue between  subcapillary  plexus  and  skin  surface),  but  remain  in  the  region 
of  the  subcapillary  plexus  and  extend  up  from  there  as  short  loops  in  the 
process  of  development.  Arterial  and  venous  limbs  are  clearly  differentiated. 
Occasionally  one  finds  a  figure  of  eight  loop.  At  one  week  regularity  in  dis- 
tribution is  seen.  The  short  loops  do  not  extend  into  the  limbus.  The  venous 
limb  is  absolutely  not  differentiated  from  the  arterial  limb.  (This  differs  from 
their  findings  at  two  days.)  At  four  weeks  the  capillaries  are  of  various 
widths,  some  are  close  together  and  with  rich  anastomosis,  and  some  are  more 
widely  separated.  Pronounced  differences  in  length  do  not  exist.  The  ves- 
sels project  into  the  limbus. 
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Fig.  2. — The  uppermost   part  of  the  pars   papillaris   cutis   without   the   epi- 
dermis (Spalteholz). 
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Fig.  2). — Normal   infant,  2  day: 
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They  describe  the  picture  in  the  normal  young  infant  as  follows: 


The  width  of  the  capillaries  is  from  0.03  to  0.05  mm.  and  length  0.15  mm. 
Difference  in  length  and  variation  in  width  is  .seldom  found,  and  then  the 
difference  is  not  marked.  Well  marked  serpentine  forms  are  seldom  found. 
but,  as  a  whole,  there  is  a  tendency  to  greater  irregularity  and  serpentine 
forms.  The  vessels  run  straight,  but  not  exactly  parallel.  Markedly  twisted 
loops   are   seldom    found.     The   arterial    and    venous    limbs   are   almost   always 


well  diflfcrcntiatcd.  In  almost  all  children,  the  suhcapillary  plexus  is  clearly 
»een.  Anastomosis  one  seldom  finds  among  the  end  capillaries,  but  thg  sub- 
capillary  plexus  IS  rich  in  anastomosis. 

Later,  Mcrtz  ■  published  his  observations.  He  divides  his  results 
into  three  groups;  first,  comprising  the  children  from  1  to  3  months 
of  age ;  second,  from  4  to  6  months,  and  third,  those  over  6  months. 

In  the  first  four  or  six  weeks  the  loops  are  very  short  and  project  up  from 
the  ground  substance  into  the  limbus,  more  as  broad  bow  shaped  protrusions 
than  as  short  Imips.  It  is  only  the  distal  part  of  these  loops  that  one  can 
term  the  capillary  loops.    After  several  weeks  there  is  found  a  better  develop- 
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Fig.  4.— Normal  infant,  7  days  old. 
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V\g.  5.— Normal  infant,  3  weeks  old. 

'"^M^^tV^*^  capillaries  and  an  extension  into  the  skin  along  the  edge  of  the 
nail  fold.  The  age  when  this  definite  development  occurs  seems  dependent 
.m  the  development  of  the  child.  In  the  first  three  months,  the  capillary  loops 
are  from  20  to  60  microns  long,  are  relatively  not  close  together  and  anasto- 
mosis is  seldom  seen  In  the  following  period,  from  3  to  6  months,  there  is 
a  rapid  lengthening  of  the  loops;  they  reach  200  microns.  The  loops  are  closer 
together  and  have  greater  anastomosis  than  before. 

8.  Mcrtz,  A.:    Monatschr.  f.  Kinderh.  18:13,  1920. 


He  describes  a  variation  in  length  of  the  capillaries  of  children  of 
the  same  age  and  in  the  same  child  on  different  fingers,  this  being 
related  to  the  length  of  the  nail  fold;  if  it  is  pushed  back,  the  loops 
are  shorter  than  if  it  is  grown  further  out  over  the  nail. 

My  observations  were  made  on  infants  at  the  Children's  Memorial 
Hospital  and  at  St.  Vincent's  Orphan  Asylum.  Only  those  infants 
were  examined  who  appeared  to  be  in  good  condition.     No  child  with 
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Fig.  6. — Normal  infant,  5  weeks  old. 
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Fig.  7. — Normal   infant.  9  months  old, 

an  infection,  however  slight,  with  eczema,  or  in  j)oor  physical  develop- 
ment was  taken  as  a  normal  child.  Many  infants  could  not  be  observed 
as  they  became  too  irritable  when  an  attempt  was  made  to  hold  the 
hand  absolutely  quiet  under  the  objective  of  the  microscope.  It  was 
found  most  satisfactory  to  hold  the  infant  in  a  sitting  position  in  such 
a  way  that  the  hand  could  rest  comfortably  on  the  stage  of  the  micro- 


scope.  Often  the  infant  slept  quietly  during  an  entire  observation. 
Drawings  were  made  of  those  infants  who  held  absolutely  quiet  for  a 
relatively  long  time. 

In  infants  1  or  2  days  old  (Fig.  3)  the  capillaries  appear  as  a  fine 
network  plexus  lying  close  to  the  skin  surface.  This  plexus  can  be  seen 
extending  back  from  the  edge  of  the  nail  fold  for  quite  a  distance. 
Only  the  most  distal  vessels  of  this  plexus  can  be  called  end  capillaries. 
These  are  bow  shaped,  vary  in  length  and  height,  and  the  arterial  and 
the  venous  limbs  can  be  differentiated.     The  arterial  limb  is  hairlike 


Fig.  8. — Normal  adult. 
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Fig.  9.— Child  with  malnutrition,  10  weeks  old. 

and  broadens  gradually  into  the  venous  limb.  There  is  no  regularity 
in  the  distribution  of  these  loops  along  the  plexus  margin.  Occasionally, 
there  is  a  short  narrow  loop.  There  is  no  anastomosis  except  in  the 
subcapillary  plexus. 

At  one  week  (Fig.  4)  the  capillaries  begin  to  elongate  and  project 
out  into  the  tissue  between  the  plexus  and  the  skin  surface.  In  some 
the  loops  appear  triangular,  the  angle  appearing  at  the  top  and  the 
base  remaining  broad.     Other  loops  may  be  somewhat  square.     The 


capillaries  begin  to  appear  more  loop  than  bow  shaped  and  they  arc 
slightly  more  regular  in  their  distribution.  There  is  no  anastomosis 
between  these  and  loops.  When  such  seemed  to  be  present  it  was  found 
upon  focusing  that  one  loop  was  superimposed  on  another.  The  arterial 
and  venous  limbs  are  clearly  diflferentiated. 

At  three  weeks  (Fig.  5)  the  loops  are  definitely  formed  and  are 
separate  from  each  other  at  relatively  equal  distances,  one  loop  extend- 
ing into  each  papilla.  The  loops  vary  in  length  and  breadth,  many 
loops  being  still  quite  broad  and  short.  No  anastomosis  occurs  except 
in  the  subcapillary  plexus,  that  is,  the  vessels  at  the  base  of  the  loops. 
The  arterial  limb  of  the  capillary  vessel  is  hairlike  and  broadens  out 
into  the  venous  limb  before  turning  back  on  itself.  The  venous  limb 
often  is  slightly  tortuous.  The  apparent  anastomosis  in  Figtn-e  6  was 
found  to  be  superimposed  vessels  in  which  the  two  limbs  were  not  in 
the  same  plane.  There  is  little  if  any  variation  in  the  caliber  of  the 
different  vessels. 

At  two  months  the  capillaries  are  longer  and  the  distance  between 
the  subcapillary  plexus  and  the  skin  surface  is  also  greater.  The 
vessels  disappear  in  the  plexus,  which  appears  as  a  pinkish  haze  with 
here  and  there  a  deeper  red  line,  representing  either  a  larger  vessel  or 
one  closer  to  the  surface. 

At  about  three  months,  the  capillaries  are  well  formed ;  they  are 
longer  than  those  at  two  months.  There  are  some  spiral  and  figure  of  8 
shaped  vessels.  As  the  capillaries  increase  in  length,  they  appear  much 
closer  together.  From  three  months  on  the  vessels  increase  in  length 
until  the  long  narrow  loops  of  the  adult  type  (Fig.  8)  are  reached. 
The  subcapillary  plexus  shows  less  anastomosis  at  the  base  of  the  loops. 

In  general,  it  might  be  said  that  from  birth  the  end  capillaries  begin 
development  from  small  loops  at  the  periphery  of  the  subcapillary 
plexus.  Until  about  the  third  month  the  development  is  very  rapid. 
From  then  on  there  is  not  much  change. 

1  wish  to  tiiank  Dr.  Samuel  Ainberg  for  liis  direction  in  this  worh. 
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